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MATHEMATIGS EDUCATION

1955 - 1975

. 1. Intfoduction

Sch001% and schooliné are affected by public educational policy,
‘That policy can:bé rational, based upon knowledge and wisdom,dor it
‘can be based upon popular mythologies and misconceptions. The former

A -state of affairs is preferred. The purpose of this documfnt is to

. . A L
| provide evidence of how schools and teachers are performing in .
° their task of the mathematical education éﬁ children and youth. .It

is a_étudy cf the state of mathematics education in the schools with
the-past used as a backdrop of evidence about causes anda;ffects'of

public educatiqnal policy formation. Since the past twenty years have

‘

~ ?

¢ witnessed a dramatic reorientation of the mathematics curriculum, of

A instructional practice, and of teacher education, the histErical evo~-
lution.nf school mathematics is traced through the twe snty~year period
in the hopes that“events ot the past can be ugsed to provide guidance
’for making future decisionwmaging more rational.f

The schools.are an important sééié; instituticn in the United -

. _States and the expej}ations of society fdrﬁthe schools have a signif-

- icant role in determining the pe:eeption 97 effectiveness of the‘sehools
_and the resulting'aecisions affecting the nature of school proérams.
Th;tperception of how well the achOul mathematics Programs have served
‘the 1ntere;ts of learners and society is an important feature in the
decision-making process. The proéramé in mathematics that are sanc-

7
tioned and supported provide evidence of whether for a giwen era the

: T . 1l
py oY
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z 0 . ’
. ‘expectations of socie&y are in terms of .the goals of the utility of math- .
Yematics for the learner, helping the scientifically talented ’boking‘f%r- -~

* ward to their contribution to society, or for the school serving as a

socializing agent for youth. These goals re~occur with regularity

-
- ~ -

throughout the history of the schools.

-

-

salaries, instructional materials, teacher, education, and school piants. .

~ e -4 >
We recognize that non-federal agencies (not only state and local educa- ?._

tional agencies but also industries such as textbook publishers) are |
k]

concerned with-and contribute to th;s investment. However,‘this report
1s particulariy directed toward thé\analysis of the federal role. We

 believe the recent evidence suggests that the fiscal margin that promotes ,
. ¢ A ‘ !
change and innovation comes from investment of federal monies into.the
educational system. Prior to 1950, the federal investment and intcrven-

- <

tion of major significance was - the setting aside, of school lands in

opening the Northwest Territories and the founding of institutiors of

s
higher education via the Morrill Grants. These political acts were en-

abling in character and markedly free of specific guidance; for the solu-
tion of problems. They established no precedents for the-manipulationt

i

of content, curriculum; or instruction. The events during the years

following World War ]I have been of a dramatically different character.~ o

©
- . Y

Money was invested in developing and implementing new curricula, in pro-

* N L 4

moting modiﬁgcations of teacher education programs, in providing new types

-

of school facilities and instructional ‘materials, and in promofing'change
" generally. The 1965 Elementary and Secondary Education Act addressed

the problem of breaking the poverty cycle through an assortment of
special,programs directed to unique segments of the educational enter-

priséf/ Since this' recent federal intervention is of such different

-

2 °8 5

o . - . ’ .
The schools are big business. BillionQ'of dollars are invested in - -

v
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" character than observed previously in the history of American educationl

. s et T g~ . R \
. and since the current ‘evidence fs that this intervention will continue, o N
~—1t*behooves us to exauine carefully the hiatorical record to gain infor- . s

mation to guide public, political decision-making about poIicies affecting

the future of mathématics education-in the shhools.': .
This document addresses the following questions: _ . i
{ , . ‘ . (1) What wergAénd«are current bracticés'in mathematics :

- “ v ’ N ]
. .

. d . S~ - .
-—education for curriculum, instruction, teacher gdqgaiion,
. ’ o, ° performance of learnérg; and nee&ijaésessments during
. . &L *

the twggty—yéar period'beéinniﬁg in 19557

\'» '(2) Was the informatioanbgut practices used or ig;ored in .
7;v- } ’ decision-making c&hcegning policy iq educgtibnf&éring ] .
. the twenty-year per;qd? ‘ | ) \\67 .
?, Since the per16£~is S0 recegt, théfinformation used }n tﬁis dbcument .

is-at the same’time historical in nature but also descriptive of current _”

-

> . practices. Whether to consider this document a purely historical study |, |
’ ’ s 8 . ' i \

or a description of current status is compounded by the fact that many X i

-

practices have not changed appreciebln during the two-decade period.

Mg
!
.

- (R} = . - ’ - .8
-Procedures . > : ' d.,
Procedures . .

* = »

The procedures used in this study focused upon searching and
analyzing the Iiterature of the period. New information #as not gen~

. erated;, rather, existing documents were collected  and examined care- .

-

‘fuliy. The evidence from published 1itera£hte in journals, committée

;;eports, and influential bpoks in the field. served as a fi;st scurce.

A3
~

Pertinent documents were collected from thefERIC data base,oeducation

. -

2
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archives of the'states, and otther institutional archives that present

e ® evidence concerning-the perfo:danee of the schcols, teaehera, and*teacher

- . & - .

.t : education.institutions., The cooperation of state departments of,educa- ’

N + :tion provided documents concerning curriculum plana, needs assessments,
and teacher certification requirements that are not readily available.
‘ Research reported i% journals, monographs, disaertations, and other - L
o . _sourcesp was considered. : T \ .
= o R did'not.etart from ground zéro in surveying exiatiﬁg prectices .

~

. in mathematics education.. A recent yearbook,of the National Council of

Teachers of Mathematics, A Histor; of Mathematics Education in the United .

*States .and Canada (Jenes, 1970) frovides an extensivo description of events

-

and existing Qractices for the first two-thirds of the tuenty-year period.

i

- The Ovefview:and Analysis of-School'Mathematics Grades K:lg’preparcd by*
-the National Advisory Committee 3n‘hhthematics Education*(l975).pzovides .

eatensive inf;rmation about more recent history in mathematics education. . -

: . In the present report we have attempted to emphasize different sources

°

of information and to complement and up-date the insights of these excelr .

S

’ - " e ‘
lent sources. .o . * 1
» L4 A -
R .

P . Extemsive use has been made of other historical and descriptive .

°

studies. If a. document exists for a particular topic that provides AR

extensive related information of a -sunmary character, we have followed

[

o the strategy of trying to capture the highlights of the content, "rather

»

than eirensively and exhauatively reporting its content. “In many "in-

- atances, the reader -may find reférring tosthe original document helpful

, in completing the perspective_for particular findings. o ,f" ’ . W ?

. . . .
©, Document selection.provided:-a major problém.. Determination of

which documents to cite and use, -as opposed to ignore and not cite, was

' ) - 10 \ ?
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§¥<;\f ‘a’ judgment of importance in the vriters ypinions. "The judgmént was ex-=

/// . ercisel in term 2 T e e - )
L r K - LI Y - 0._-' . -
) (1) Evidence of significance provided by litersture in ]

" A

refereed journals, committee reports, and major booka

for which events and history have indicated a prima:y

. influence on the -field. ]
. . »
- (2) Generalizability of conclusions from. documents re~’

’ porting_data. That is, size of populations, sampling :']
procedures, ‘and methods of anelysis that provided

11mitations~on the" scope’ andAapplicabili y of results

2

led'to the rejection of msny-documents. "If should.ber h

. o .

noted that the majority of the documents.cited are.

-

status studies or other-types ‘of survey research.
These provide -evidence cn the practices-or reactions .
of various samples at a given point in time, and were

. particularly ‘useful for the purposes of ‘this report:

Experimental research is cited when it fllustrates a
point or provides cumulative evidence. S

R 3 . ° .

(3) Perceptions.of th% quality of the work based upon the

writers' experience and knowledge, -and using evaluative’

critéria developeg by Suydam {1972). The purpose of

+ this report was hot, however, to evaluate research,

Ll t

and thus §trengths and weaknessés of the studies are
- . & ’

seldom delineated. The intent was'to select ddcuments

4

: oé sufficient quality to warrant citation; it “should be

recognized that few documents are without limitations,

-

~

-

-5 11
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) an& to anticipate trends for the immedia*e future.-

"either in design or in authorlbias._
Clearly, we may have erred however, it should be recogpized that rela-
tively few writings (and events) nithstand the test of historical signi-

-

ficance when considered from a lang-term historical perspective. ‘Given

,the additional perspective of anbther twanty_yeﬁrs in the year iGOO, the

. majority of the documents cited may well be deemed inconsequentisl and .

-

irrelevant. But at ‘this point in time, we opins she -ideas gleaned from

the documents carry major import for decisions bearing qn *cerrént issues.-

>

™

Format‘of the Report

»

Three major themes are\treated in this review of existing ‘ ¢

M '
practices: . \\

1 . .
(1) The Schools -- organizational, inetructional, and
curricular patterns are reported as well as infor-
mation concerning’facilities, equipment, ‘costs, and
student characteristics. . >

(2) The Teachkers -- preservice and in-service educa:igh .
are examined as well as information concerning back-
ground, competence, and behavjors. T -

©*(3) Needs Assessment -- planning docvu~ ~ts, systematic

.o needs assessments, and systematic ¢+ ress assess-
_ ., ments ugeful in policy-musing at tue aational and ’
1 .7 state levels are described. * . :

-~ . . »_ "y >

'~Corresp6nding to each of these themes is a major section in the'following )

pages. Each has sunmary sections thatésynthesize highligﬂts reflecting

1

'major conclusions derived,fron the historical record. ,A final conclud-
-~ 2 \ AN . “~
‘ing section provides'a summary that- serves to 1ntegrate major findings

Y g
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‘1nterqa1 to the education profession and is manifested in the type_of“

»

Using History in the Study of Education’
. 7 : .

.« , This is a historical study. It is easy to err in using history to

T
e

_predlcg the future. No historian limits his or her thinking -orfly to his-

tory in-making judgments about what-opght-td-be for the future. The care-

<

ful historian realizes that because the societal ethos is brittle and »

ichénging, because the environment is shifted due to the very events of

- P

the history being studied and the changes wrought by new technologies

. .and ﬁgw knowledge, the conditions 1eéd1ng to decision}\?nd actions never

A
F- 3

, €

repeat\themselﬁgs precisely.

History does not determine what-ought-to-be. The val s questdions | -:

~ -

associated with the determination of goals and oﬁhectiveé in ghe futuré,

and the present, exceed the prerogative of.-the historians. ‘At besﬁ the

x

social historiaﬁ‘zqn explain how value structures evolved and what they’
are. The task of determining goals for future activity in mathematics

educagioﬁ exceeds the scope of this historical record, %1though judg-

3

ments. of deficiencies in the present status of mathematics education are
) . . . . v

& - .
reported. * ' . ~ ’ S
[N N R A i

. ‘This_document provides information about the determination- and

~ » N

implementation of educational policy 3né its rationality, or lack thereogt

Detérmination of educational policy operates at two levels. One operates .

)‘

L4

’ﬁﬁilésophical support and the state Gf knowledge accorded learning or*

teaching in ‘the schools. The other level is external to the schools '
and is based upon societal concern and ethos for the schools and their .

4ls and 1is realized through the political deciéion—makipg process. .
. - < -

As you examine the historical record for mathematics education

s




from 1955, consider the extent to which these two levels of determination

-

of public policy for education interact. To what extent does public »

policy resuIt from knowledge éenerated within the profession; Are policy
decisions affecting mathematics education made on a basis of sound know-

.ledge toncerning the existing practicesein thegschools? To what extent

s are, prac*ices in the schools and in the profession tempered and affected

< by the soc*eral ethos or the political climate? 1I1f the concerns, issues,

(u

and' problems for the two different levels exhibit commonality and con-

sistency, is change-in practice more likely? Are needs assessments, pro-

gress assessments, and descriptions of the status of the schools and

teacher education used for rational formmlation of policy or merely symp-

’ z N N ) )
» tomatic of current .societal concerns? . - -

- . - +

We make few judgments concerning the dnswers to these questions.
For most topics in the following historical record, this task is left to

the reader. It is an important task since it involves the’ rationality
o -
of the decision—making process for policies affecting mathematics education.

=

- We suggest that you will observe that educational policy—making

does not use knowledge of existing practices to determine policies. We

-

_remark that 'you will also note that the profession's seeking of ‘new

- &

knowledge about practice frequently does not necessarily bear on the prob—

lems and concerns at issue for the decision-making process until after
. I ) .

the decision~has been made. T ’
s Determination of’ educational policy must recognize reality. Some '

v .
~

aspects of schools and schooling have an inherent stability and resistance

to change no matter what the educational ‘policy might be. For example, . |

Ld -

many student characteristics are unlikgly to-change as a result of

L)

14




(changes in educational policy. Decision-making about policy will not '’
affect the genetig make~up of étuggnts nor will it have much impact on
student charaétergstics induced by well-established societal mores.
Many traditions concerning how teachegp act”and the structure of the
schoo} Qerived from many generations of schooling provide an inertia - -

requiring excepéionai energy to effect change. But these factors must
N . : " e .,

’ be described and taken into account in decision-making concétning educa~ '

. tional‘policy; otherwise both eﬁergy and resources are likely to be =~ ‘
. . - . . >
wasted by the formulation of policy addressing the wrong problems. The

< [

' section descfibing existing practices in the schools identifies many of

A

the;e factors that are not subject to signifiqant control throubh ﬁolicy

forhulabiqp. , \ s .

t

- The Political Setting

¥

o Policy decisions for education take place within the political
I - - .

‘égena. The societal ethos of an era determines the character’ of the

-
.

o :
political arena since it incorporates the goals and values displayed by

. . e o ’
tgg/society. Thus, it is important -to recognize some majbgifeatures of .

- the politica& and social climate for the period from 1950 to the pre-
- £

seﬁz before examining the evolution of existing practices for mathematics

education. -

-

Our historical perspective is that the decade of the 1950s 1s best.

o

. characterized in terms of the interaction between recovery from World )

° t

War II and the issues related to the Cold War. A relatibely stable -

v

gconod@ provided freedom for growth in the eduqational system, a grohfh -

v

necessary becauge,of~the influx of childrén to the schools resultant

<

%




.(,

‘from the post-war baby boom. e

The Cold War factor was of significant import in education since

-

the nuclear arms race made important the extent and the quality of the

3

pool of scientific talent in the United States.’ At the same time‘the!

nurture of scientific talent was’ at issue, attacks on the remaininé
"vestiges of the Progressive Education Association--and related teacher

é

education prograﬂ%—-was taking place in the setting of higher education

talent provided a state of readiness for and acceptance of dramatic

changes relative to school mathematics (Osborne and Crosswhite, 1970).

)

The spirit of the Kennedy presidential years involyed a social
fx concern that presaged-the educational policy determination of the mid-
19603. The thrust toward helping the -less fortunate, the culturally

>

disadvantaged and separated, and the attenpt to break the poverty cycle

through education exhibited in the good intentions of the Johnson era,
all provided a reorientation for policy making in education and the

resultant funding patterns. The U.S. Office of Education attempted to

&

e . become an agent for change rather than an information repository. The
imperative fox developing scientific talent- evaporated.

The political context of the late 19603 and on into the next dec-
ade is one of societal discontent reflecting the impact of the conflict‘
in Southeast Asia and the derivative financial hardship. A more hard-
nosed, reactionary view toward spending for all social welfare, includ-
ing educatica, became apparent._ This, coupled with the loss of the im~-

perative for deve10pment of scientific talent and the estabTished re-

? maining concerns for the disadvantaged, provided a conqued context for

- 16

® -

10

(Cohen, 1976) “The events of McCarthyism and the concern for scientific A

E)
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policy makers concerning education and for mathematics education in par-

G ]
“ticular. Accountability, divesture of many responsibilities to fhe states
‘th}oggﬁ revenue sharing, and a loss of a clear educatiopal imperative for
a particular but limited set of goals created an amorphous, puzzled po-
litical consciousness not conducive to establishment of clearly delineated
* educational policy. ) .
- 2 - «
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II. Existing fractices in Schools ,

< . . N
3 N :

In this section, evidence from research and other literature de-

. -~ ) . @
scribing practices in mathematics education is presented. An attempt

. was made to trace patterns'and to cortsider the mode of decision-making

.

for aspects of seven areas of concern:

»

eThe organization of schools i o

EY

oThe curriculum

#Classroom concerns -8 s

o eEvaluation of achievement o \ - .
> . »&‘

* “eStudent characteristics . \ ‘ e

! eInstructional materials | , ‘ \ . i

-

®Costs_of instructiQn 2 . LT -

.

R < < L 2
We struggled to trace patterns of practices, ohly occasionaIly could"

.

patterns within these areas be determined from existing docume&tation.

-

Y

For most areas of concern, no discernible patterns  could bé found: in soge;

practices changed in reaction to .some definite stimulus{ in otﬁers, prac-

Y

tices_fluctnated without apparent design. .t . ' .

.
- -

We struggled to determine what the decision-making process was,

-6"

what created the need for decisions, and on what basis deéisions vere,

] 3

made; only rarely could these be ascertained. Decisions were and are :

being made continuously about practices in each of these areas -- but

the basis and rationale for these decisions have been documented in~-

& . _ ‘ <
frequently. -

We_conclude that we-could conjecture about the change process, o g

, -and we could- cite the conjectures of others, but to document the actual -

o

.- A . .18 , -
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', reasons for decisions made regarding practices in teaching mathematics
is not feasible for most of these areas. -The factors which influence

- . practices-are varied and complex; change is not linear.

A. Overview, 1955-1975 S .

- “ . ~ . . - e

To provide>a perspective on existinggpractices, we begin with an

overview of concerns in and affectingimathematics education since 1955,

——

noting in particular both the involvement of fEdEialxaggncies and re-

I ~ search efforts that reflected changing concerns. . T

T

.)' B - . \\
-~ -

‘'In 1955: few teachers realized that they were on the brink of a

RN

curricular reform movement --' a movement whose origin is frequently
4
A

cited as 1951 when the University of I1linois Committee on School -

"*.

Mathematics (UICSM) was formed. The process seems to some«to beymore

<

S Y 3

) evolutionary than revolutionary. The scope of the changes in mathe- v

) matics itself since the turn of the century increasingly demanded changes
in.the content of school mathematics '(e.g., see Price, 1961). Method -~
ological concerns were continuous; the dri11 orientati01 of the 1920s |
had given way to the incidental theory in the 1930s, but by the early
1950s Brownell s (1935, reasoned argument for meaningful instruction

had been adopted by consensus -- in thought if not in deed. Even a

°

cursory reading of Brownell indicated that the "discovery" teaching of
g of bl .

‘the 1960s was foreshadowed. ' s .
4 - "\ i i}

There would seem iittle need to describe the'details of the cur-

-

riculum moyemen it has been extensively documented on other sources.
The most récent description is in the Repurt of .the National Advisory

o

Committee on Mathematical Education (NACOME 1975) . The Thirty-second

]
4 . N . ™ o

MC - o - -1 ,19 f I ——

-
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Yearbook of the Natior.al Council of Teachers of Mathematics. (NCTM), A

©

History of Mathematics Jducation (Jones, 1970) prorides a thorough ac-

A

count, as does a dissertation by Crespy (1970) and a host of earlier pub- T

1ications {e'g., The Revolution in School Mathematics (NCTM, 1961) and -4

l/

The Cohtinuing Revolution in Mathematics (NCTM, 1968)} Some ‘of the

5

major €vents in the process of mathematical curricular reform will be
’ - [

o

nciea, however, to trace patterns for those who might be familiar with . NS

N v LN - . . . -
' - oy
them. ) o @ - ’ ;
¥ -
~ > -~ Y

. In the Thirty-second NCTM Yearbook, Jones and Coxford (19703 . \
~ . et .
" note: , - o ’ o
T " ’ : .. PR
. By 1955, partly as a-result of the unrest growing out -\ *
~- ¢ of World War II, -the lay public throughout the country . Y °
‘ . had been told in magazine articles and in books that . ' ,\\ -
- . the academic .substan.e of the school curriculim was T : N
\\\\\grgssly inadequate., It was said that the content not e
only-of mathematics but, of othér subjects as well had . : :
w for too ng_been determined by professionai educators : .
v with little or\no\impact from°-the scholars of the . 3
=, various disciplines .~ T—wUp. 76) , . . Y
“The stage was. being set for changet\\\\\\\\\\f“\\g\\\\\<: . e : ’ i ,\
, . » e '
- In 1Y55, the College Entrance Examination Board (CEEB), concerhed\\\\\\; .
h ° . ' ‘ \. . \
by the ,need to provide a base for a changed college curriculum, formed - .
the Commission on Mathematics. The Commission was '"to. review the exist- e

ing secondary school mathematics curriculum, and to make recommendations

_for its modernization, modification, and im rovement"; its concern was
. Ampr,

-

primarilquith the "college-capable" student. Although the_Commission's -

. reﬁortvwas not published until 1959, a preliminary form was wid-:ly cir~

3

~ ) . ? R N rs . - -
culateC, and its recommendations provided the framework for the reform 7
. y ) n . £

'of_the curriculum: There was anticipation that the new program could be

i
I
|
|
|
3
introduced for the majg;ity of coilegerbodnd sfudents Vithin five years, T ) ! Qi

-

I & . M
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provided adequate attention was given to in-service and preservice ;, '

teacher edncaticn. A report by an NCTM committee on the secondarflschool

' curriculum (NCTM, 1959)’echoed the Commission's report, but diffe;ed in

» 4 ¥ v

recognizing the need to consider the belowbaverage student.
. . The ‘National .Science Foundation (NSF) was established 11 1950 to \ o
. develop a national policy for the promotion of basic research and educa- ‘
L tion in the sciences. From the mid-1950s, the maior ccnt:ibntion“df
) ‘ ’ NSF to;elementary and secondagz education was in providing suppotv,;ori\
3in-service institutes for teachers of mat matics and science. While
such effortsAcontinued;into_the‘i970s {sezgkrleghbaum and Rawson' (1969) °

— for a history of the institutes, 1954-1965},'the‘f11ght'of Sputnik in «

1957 resglted in an acceleration of federal funding that allowed the

Eoubdation to begin the process of curricular reform on a major scale. . :

~

- The nation's avowed need for'écientific‘manpoﬁet anc increased

v \

~scientific literacy was reflected in the curricular efforts of other
—_ agencies in addition to NSF. In 1958, Congress recqgnized the need to

_jﬁprove school mathematics in the provisions of the Nationai Defense

“ =y R o LA o

Educarion Act.

NDEA Title III authorized payments on a matching basis

o -
)

to state educational agencies for: L S
ine acquisition of laboratofy and other special >
equipmept, including : audiovisual materials and
equipmént, and printed materia;s (other than
.textBooks) suitable for use-in providing educa-
tion in science, mathematics, and modern foreign

. languages in public elementary and secondary
schools. ‘ - _ ’ o

Minoi~remodeling of the iaboratory or other
space used for such materials or equipment.

*

(3) The expansion or,improvement‘of State super-
visory™or related services ip the fields of

1




: Se

“and 46 states had.made supervisory services in mathematics available, an

increase fyom 6 in 1958. ° S

and set to work developing materials for secondary-school.macnematics.

most of them.with some supporL from NSF (see Table 1 ,and Lockard, 1977).

pered with knowledge and thouéht.:

. 1966. of the 20‘projects producing materials, 6 focused on the elementary;

science, mathematics, and modern foreign
lanpuages. (Phillips and Kluttz, 1965, pp. 22-23)

3

By mid-1964, the States had received matching funds for 78,760 projects '

Congress increased appropriations to NSF, and the mone§ for educa-

>
.

tion was immediately’put to work in° implementing the recofimendations of o

the Commission on Mathemarics. As a result of the deliberations of mathe- <

*® s -
LY . °

naticians at an NSF-sponsored conference concerned with research poten- . ¢

—

. N

tial and' training, the School Mathematics Study éroup (SMSG) vas. formed ’

. b

-

The establishment of .other curriculum development projects followed

-

Conferences (see Table a) vere used as a primary vehicle for ascertaining ;

. -~ . L

needs; the invited,experts presumably reflected prevailing opinion tem- ’

°

Y

-

. Crespy (1970) commented‘on 34 projects initiated between 1950 and

school level° 2 on grades 7 and 8;.5 on.grades 7-12; 2 on grades 9-12; . ‘ N

and.5.focuSEd on K-12.* {Lockard (1977) provided a more complete list- N . L.
. R . \ '
ing" of over 60 mathematics-projects in operation betweén 1956 and 1976.} °®
. N «
p.~ . 'y \
Crespy called attentdion to three important points about the projects: -
7 - ¢ : ., ’ -
~ A hallmark of the period was the dbility of matlematicians
= and educators to work as a team. Such cooperation had not
taken place since the first part of the‘twentieth century

and was virtually unkown .in the 19303 and 1940s. e

“n

- UICSM set the pattern that not only wére new materials need- ) ) ﬁ ,
ed but the retraining of teachers wag also a necessity. ‘

- The cost of mathematics curriculum developinent was phenoin—

14 .. . ;

~ 4




~ ©TABLE 1 .
. TIME LINE, 1955-1975 ° .
1955 B CEEB Advanced E}aoement Program began :
" o 'Commission on Mathematics.appointed by CEEB
) \\T\\i‘ ’//;all State Experimental Program furdéd . . ’
‘ 1956 | ‘ _ .
> 1957 =7 sputnik launched o :
' o Madison Project, University of Marylenqluathematies .
B N . Project, Boston/?ollege Mathematics Institute funded
1958 NDEAtpassed ’ " / B _ '
M . . School Mathematics Study Group, University of Illinois . 3?
s ] Arithmetic Project funded . N -
1959 ' cuP ~reorganized as CUBM J
. "' ’ . Greater Cleveland Mathematics Project, Stanford ~‘
. - . .Mathematics Projects formed -
, * Commission-on Mathematics Report, NCTM Secondary
Cen . e School Curriculum Committee Report issued

—
<
[Ny
o

Conference Bogrd of the Mathematical Sciences formed

1961 Minnemath stdrt°d )
DU TN . v ’ “
1962 . National Longitudinal Study of Mathematical Abilities
. _began
: - 1963 o Cambridge Conference Report issued  « 5, 0
’ ; R&D Centers estqbliéhed°. .
<L ' Committee on Mathematics for “the Non-College Bound :
: formed - .
i ’ 1964 Individually Prescribed Instruction - Mathematioé
o . ! Project began Y
. 1965 ESEA passed’ , ’

. " Regional Educational Laboratories established

~v
- R . \




TABLE 1 (continued)

&
~

Secondary Sghool Mathematics Curriculum Improvement
Study began

o

at CEMREL : . N

L

‘ Comprehensive School Mathematics Program esjrbliéhed

' -? v. ‘ M
Unified Science and Mathematics Project for Elementary
Schools began .

.
’
3

<
NIE formed
[ 1]

- ? -,

v .
% ,
Conference :Board of the Mathematiéal Science appointed

National Advisory Committee on Mathematical Education

.
TN e

Problem Sclving Strategies and Application$ of Mathe-
matics in the Elementary School and Project for the.
¢ Mathematical Development of Children formed '

NACOME Report issuéd
3

-

enal compared to the cost prior to 1950. (pp. 3l9-320)

He might also have noted that concerns about overemphasis on formalism

and rigor at the eipense‘of'useful ;echniques and‘applications were be-

ginniﬁg‘to be expressed by 1962 (DeMott, 1962). " ¢

’

~ ° . : -
Accompanying the curriculum reform was an-explosion in research,

generated largely by the need for more doctoral-level manpower and the

resulting availability of funds- for higher education, and partially by

-
-

the need for research to support the cirriculum development effort. The

-




TABLE 2

CONFERENCES ON MATHEMATICS EDUCATION (K-12) ; .

Conference N

1967

<2 °

Chicago Conference on Research
Potential and Training
Royaumont Seminar on Secondary
School Mathematics

Cambridge Conference on School
Mathematjcs

Conference on Secondary
School Mathematics ~

3 N

w

*¢*Conference-on Mathematics =~

for Giftgq Students

" National Conference on

Needed Research in Mathe-

.matics Education.

Cambridge Conference on

the Correlation of Science
and Mathematics in Schools
Conference on Mathematics
Education in the Inner-City
Schools '

Estes Park Conference on
Learning Through Investi-
gation and Action on Real
Problems in Secondary
Schools

Conference on the K-12 Mathe-
matics Curriculum, Snowmass

Cape Ann Conference on
Junior High School Mathe-
matics a

’ /
‘ .
Focus ,
¢

. need for change |

..

“new mathe-
matics"

pre-college
curriculum for
the future

. ¢
planning. for
“"second round"
SMSG develop-
ment

role’ of SMSG in

{

-

Reference

OECD, ,1961

- (ED 055 895)°

Cambridge

) Conferenfe, 1963
_(ED 015 140). °

‘SMSG, 1966

(ED, 059 875)

4

sMsG, 1967 -

preparing mat%r{- (ED- 083 007)

“ als

[ -
progress of "re-
search, guide-
lines for future
‘mathematics- -
science curric-

ulum development

role of SMSG in
inner city

problem solving
approaches

l

K-12 curriculum

- junior high

content .

- .

-

Hooten, 1967
(ED"022 674):

- Cambridge <

Conference, 1969
(ED 042 599)

NSF, 1970 _
(ED 083 008)

Estes Park
Conference, 1973
(?D 090 065)

’

v

Springer, 1973
(ED 081 643)

‘Cape Ann
Conference, 1973 .
(ED 085 257) .




I . : ] . TABLE 2 (tontinued) - - - : - ;ﬁ
\ R i M ' ’ ° » ¢ \\\ ’
‘/// COnference on the Future future needs - Tallahassee |
R of Mathematics Education, v« - " Conference, 1973
I I, Tallahassee s . A
ol , " . . . & . RE
o Orono Conference in the middle-school " Beard and Cun- oL
- Middle School -Mathe- content ningham, 1973 °
matics Curriculum . . (ED 085 258) o
N y . SN - H
1974  Confgrence on Mathe- : instructi&nal Hoffer, 1974 S
o4 . +.matics Resdurce _ ‘materials v ;(ED 103 273) e
.~ - Materials, Eugene . . X - '

e M = . " ? p ) ’ ) R
R 1975 Euclid gonference;Ln ~ needed mathe- > NIE 1975 ) ?
‘- ~ Basic Mathematical matical skills (ED 125 908/ .
T ' ' Skills and Learning . L. .= = 909) ‘ O

” 1976 Conference’on Needed - calculators - NIE/NSE, 1977 o
S Research aund Develop- N . o . (SE 022 565), s T
— - . , _ ment cn Hahd-held . - : - : o .. .
T * . Calculators in School | h Vo ’ §
s Mathematics. . f ' o 4 5
» » . e v . s . R .,n
] b ’ ) \
. . . : .1 9
~ -“ -~ ) - ﬁ '
B amount of research in mathematics education increased startlingly (see -
’:‘ : ) 5
~ Table 3), e8pecially at the d:esertation level, publication outlets *
R were.limited, S0 that the -~crease in the number of articles is not as >
. dramatic. As one indication of ‘the. amount of research data ‘for the .
¢ - .
. year i9754alone shoul< be coqpared with that for 1955-59: 368 studie’s )
L4 h "
..  were reporttd for the.one year, contrasted with only 340 for the ear- -
’ lier 5-year period. .Appendix A provides additional evidence on some
r . @ ~ ’ ’
. ., of the areas of concern attacked by researchers since l955° the ‘extent
' ,. ! . :
_ofﬁattention on particular aspects is evident from the patterns oﬁ the o .
.l datao ")“ ’ - ) . ' . . , , - B .’?. A >
v . " . : . .
In their discuscion of the years from 1945 through the 1960s, * » -
' . N . « . . 'Y
6 7
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«

1958,
1956
1957
i958°
11959
1960

. 1961

1962
1963
1964
1965
1966 '
1967

© 1968 -

1969
1970
1971

C 1972

'19q3

1974

1975-

T

4

Summaries
- .

&

L3

R

TABLE 3

Artiéles*

20 .-

- 14

33
29
31
36

- 62

* k]

49 °
60

DS

79
98
67.

.
95-
93
82

119
9
94
!

L\° RESEARCH REPORTS ON MATHEMATICS EDQCATION (K-12)

Dissertations \

.26

-« ISY

27
41

-

40
37

51 ;
@ N -
.4

-
M (RS

64

57
69
92

‘ 134

136 ..
151"

212

223

3%;

335

299
TN

264
. 766

@' 1

Total
50} -
63
78 } 340

“73.‘.
76 j .

119

99

.;2%
141 -
174 )
166')
238
235
238

"347 ). «

3;91
426

419 } 1942

384 ’ .

385 |
368 -

“

¥

* S
Some_ articles are’ reports on
" previously recorded dissertations.

. 4536
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Jones and Coxford (1970) wrote:
It may be that this period is harder _to oescribe.and
seems.significantly different from earlier periods be-
cause we are so close to it. However, the forces crit-
* ical of mathematics education and, indeed of all educa- -
tion have never been so varied nor so strong:at any -
other time. Yikewise, the range of innovations actually
. attempted and the _energies. poured into educational Te-
. ‘form. in this period\—— especially 1952-1962 -- have
never before been evdp approximated. (p. 67) .

) A new type of attack on Xhe schools evolved during this period of

A;’:’,hange, scarcely anyone was unaware of the eccounts of experience and

" observations by writers 1ike Holt (1964), Kohl (1967), Kozol (1967),
or Silberman (1970). Some of the concerns were humanistic 1n nature,

reactions to how children were .being treated and what schools were doing

£y

to children. Mathematics and other curricular areas provided illus-

‘trations of how imstruction was intensifying the problem of children )
4 .
being led or dragged through meaningless contént and .being "turned of "
N . | b
. Ky -3

. -

. - by schools.

-

4 s

Behavioral objectives and individualized instruction became key

.

words.” A strong behavioristic wave started as part of'ngy trends in

ndividualising instruction by means of educational management systems.

! Large projects like PLAN and Talent, funded largely by private founda-
tions, addressed the goal of transforming exisiting educational materials
into structured sequences byameans of task analyses: " ; .

By the mid—l960s, it became apparent tnat;tne public not only

. expected-academic excellence: that schools help solve societal prob-

lems was also demanded. The social-action legislation of the -Johnson™

Years included the Elementary and Secondary Education Act (ESEA) of

. 1965, sending money for innovation, particularly for the "disadvantaged"

<




into the schools. ESEA had two titles which had specific potent alfor

- .

.affécfing ma;hematics instruction: Title I, Programs for the Disgdvantaged 1‘;
o (poor) andhiéﬁle III; Supplementary Centers. (Title iI was ror library
resources; Title IV, research, amending the Cooperative Research Act of
1954; and Iitle v, ﬁtrengihening state education aéeﬁcies.) . .

~ 2 . . )
o . Administration of ESEA fell almost entirely to the U.S. Office of

Education. Largely because of concerns about federal control of education,

» USOE had assumed an advisory stance over the years, collecting information
. € .

~

but rarely initiating action. Its role was now mandated as one of en-

couraging change through the allocation of funds. - Lf ‘

Title I monies, 5/6 of the total amount budgeted under ESEA, were

- to be spent for improving the education of the disadvantaged,:§ith read-

>

ing as the priméry target and pathematics sggond. Title III was to be °

a means of linking research and development with practice. Supplemen-

+ a "

P . -tary Centers were to deliver innovative services not previously avail- .
able to individual schools. 'Actually," Treported the NIE Databook _ : ~
(NIE, 1976b), "Title III funds have been used to support development and .

dissemination of 'exemplary' practice" (p. 17).- Of 661 ‘'products’
spor:sored by NIE in 1975 (NIE, 1976a), mathematics and science were the

focus of only 39 -~ that is, 6Z%., , . .
. - 4 . )

¥
1]

' ' . A continuing problem was how to generate impact and effect change

in the schools. The establiéhment of ERIC (Educational Rescources In-

¢

formation Center) in 1966 resulted from one aspect of this need. ERIC

' - &
-

provided a repository for inforration, especially on "innovative prac-

-

tices". Twelve clearinéhouses were funded initially, with the number

rising to 19 in 1969 and then decreasing as efforts were compacted; in

. 2 29
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rounds of
o

/

\

>

| 4 .
1975 there were 16 and in 1977, only 11. In addjition, 20 Regional
Educational Laboratories were established by 1966-67 by USOE (in 1973,
12 remained) to disseminate the results of R&D efforts, especially

those of the previously established R&D Centers.’ Thus the Individually

_Pr scribed Instruction (IPI) program was developed at the R&D Center at

[

the University‘oﬁ\zittsburgh and dissehinated>by'Research for Better

. ~—
~

Schools, a regional laboratory. Two R&D Centers weréifunded in 1964;
\
by 1968 twenty had some type of funding,*but\bz\l970 the number had

shrunk to 15 and in 1975 there were seven. One widely known among

mathematics educitors was located at the ﬁniversity of Wisconsin; it

produced the Developing Mathematical Processés (DMP) materials, with

. - - . -~ I - ’ .

atﬁeasurement orientation to mathematics instruction. Other regional
\ ~

laboratories and R&D centers have produced supplementar&-materials'and

-

_.materials for minority groups. - > c , -

[} . -
A report from NSF (1975) describes four thrusts of the Foundation

LAY

during this period: curriculum prOJeé::, teacher preparation; implemen-

tation; and reports, conferences, and research support. The Cooperative

College—gchool Sc1ence Program provided a vehicle for qollaboration,

-
<2

while the|Course and Curriculum® Improvement Projects and the Course

- S
Content Improvement Program were among the thrusts to promote ‘grass-~

‘"

roots" implementation. ~ _ ’ .

|
Concomitant with the needs and demands of the period, second

curriculum development'were organized by NSF, to improve on

initial eJForts and to add new emphases. The mathematically able and

b2

talented student was the focus of the first-round curriculum develop-

~

ment effort; funds now were also directed into programs for the low

;." . ; . ' 3 O )

>

‘e

3
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“achiever. Social fopceé —- dissent boilingrover in riots, spreading
Erom urban centers to university campuses to secondary sch&ols -- created

another impetus for change. The curriculum was neither the cause nor

*

the fgcus of_;he dissent -- but schools reacted to the stress by chang-

z

ing coursé structure and content and by developing such‘%chedulipg
‘ﬁatperns as the module, which allowed learners to put short curricular
- ’:,

. séquences together in unique patterns. T s

Changes were also occurring in NSF and USOE, largely as a result

- -

of pressures to show the "impact of the dollars being diréqted toward -
education. The National Instiﬁhte of Education (NIE) was created by _,
the Education A@endments of 1972,‘the culmination of several years of

efforts to eséab}ish a separate organizatioti within HEW devoted. to

- - educational research ‘and development.exclusively. NIFE téok over USOE's

.

role in supporting curriculum develdpment. (The early history of NIE

is summarized in several publications; e.g., NIE, 1973a, 1973b.) - Prior-
™ . hd ¥ » * .

. ities have Included both basic skills and compensatory.education. The,
T X )

matics skills are "required for adequate functioning in society", how

@

children "may overcome barriers to learning such skills", and how to
imprer the teaching of the twa areas. ' - "

NSF began to consider different patterhs of funding to promote in-

3¢ . e

service education efforts. A systems‘aﬁﬁfbﬁﬁﬁrbigﬂio&elled by the‘
’ ¢

2 -

6regon é?stem in Mathematics Education and by the Delaware Model. The,

1

first attempts to work closely with small-scale projects throughbut the

¢ .

state; the second is tlose1§ allied with higher education agencies,

The Education Amendments o} 1974 extensively revised many of the

-
L

-~ ~

thrust of the basic skills effort is to discover what reading and mathe-

e e =

4
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activities-authorized by the ESEA of 1965. Several "national‘prioritiesz
were spacified in the Act, including,use of the metric system, edvcation

of gifted and talented children,'careerieducation, consumer -education,

and women s equity in education. For each of these, a relevance to mathe-
»

matics was apparent. In essence, Title III of’ESE@ ceased to exist;‘it

was continued as Title IV of the new legisiation, consalidated with six

>

other programs (NACSCS, 1975).

L v
3

b

The *1970s brought additional demands for curricuiar change as

.

headlines projecting "declining scores”" and accountability demands in-

-creased. "Back-to-the-basics" became the slogan, as Kline (1973) and

£

others led in depicting.the "failure of the new math". Needs assessment

. r

,became a ‘policy as federal agencies demanded better accounting of the

.

funds pouring,through their hands. The Conference Board of‘the Mathe~

-~ matical Sciences appointed the National Advisory Committee on Mathematical

‘ Education (NACOME),-charging it to provide an overview of mathematics
)
education in/the schools, synthesizing reactions and making recommendations

for future directions.

<

It also seemed apparent in the 1950s that technology, which had

S0 great an effect on the quality of life over the 20-year span, took

2

leaps ahead and gave indications that the school, too, could be integrally

e et e =
i s e

e o et 3

----affected by technological inventions. _— *

[

.+ . some feel thdat what is past is only a N
prelude to a greater revolution yet to come. :
And others see the events of the past two - ' i
decades as a natural, although accelerated, ’
"evolution ‘rom the long sequence of events )
‘which has been traced. . . However, few
wbuld deny that, as.jmeasured against that

of any comparable period in the history of . . .
mathematics education, both the pace and the

extent of change over the past twenty years <
. have been revolutionary, (Osborne and Crosswhite,
1970, p. 235)
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Overview, 1955-1975: HIGHLIGHTS . L
- - s - ¢ .

OThe'past 20 years have witnessed' .

-

- continuing curriculum reform, with mathematicians “and educators
working as-'a team . .

- extensive federal funding with federalupolicy increasingly
- affecting curricular development K ]
.. "‘. ~ L. . .. |

- changing roles for federal agencies (NSF, OE, NIE) as _they v -
assumed varying degrees of respongibility for the cost of - . . |
curriculum development and teacher retraining .. -

S,

- an explosion in research as well asvdevelopment efforts : P

- concern, for the mathematical1y able, especially at the °
. secondary level s -

~ concern for the disadvantaged, especially at the elementary
level . - . . -

. " @The need for curriculum reforin was:generated by: . i “ ' K

'1955 - public dissatisfaction with existing curricular outcomes
4 ¢ ) "~ concern from mathematicians and mathematics educators

- . - . o

‘ [ .o N . -~ .
- 1965 - concern for the economically and educationally disadvantaged

- reassessment. of the need for mathematical rigor

R 1975 - patterns of declining achievement scores, especially at the . s
. college~entrance level

="pressures for accountzbility

v ¥ »

° "@Needs assessments in mathematics education were conducted through:

- conferences . . T

* '~ informed writing, both pro and con

- — opinion polls

<

eMuch analysis of mathematics education has been‘undertaken; including

major efforts by the National Council of TeAchers of Mathematics and the

-

. Conference Board of the Mathematical Sciences

I ' ' -2 33
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-B. How Are Schools 0rganized9

Educators have long.searched for the "perfect" pattern of school

. - _and classroom organization to meet the needs of individual students and

increase aqhievement.- Much has been written-about various organizational_ .
- h h ~ r -

S ”~.patterns. In 1955, there was recurrent discussion of departmentalization

¢nd the use of mathematics specialists as the answer to the pdor mathe- -

o ) 'matical preparation of many elementary-school teachers. By 1960, various .

. multi-graded and nongraded approaches were tried out, and the core of ) ) o

o N R

somé of these remain tbday. Team~teaching was proposed for all levels _

as an alternative to departmen.arization.* In the léte 1960s, "0pen-space-

et schools" and "open-classroom environments" were espoused in yet-another

:\attempt to make the school less rigid Alternative schoolsL(to enable .
~ - .o, 3 N

parents and students to select a desired pattern) and various modular
scheduling patterns (to enable students to seléct topics of need and

interest) are still available on a:small’ scale. In fact,'all of the .

- >t

proposed innovations are evidenced in vanious locations. But perusal
© of a wide variety of documents leads ‘to the conclusion that the graded, ’ ".~ ' ';

- . -
self-contained classroom at the elementary-school level "and the fixed-_

N

period-schedule ofvthe -secondary -school have remained"the predominant

patterns over the past 20 years. ?

2 \ - .
T, . Data on the number of schools reporting use. of various approaches
’ "3 .

to mathematics instruction have been difficult to locate. One survey . s

. . of 720 schools in New York (conducted by two New York State bureaus Y <

.
b

N

1

|

]

|

' -

. during .1971-72) provided the following information: 5 j
. . j

|

» . ' - . -

~
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*High .

. . < Elementary "Middle

. Technique Schools Schools = Schools
Flexible scheduling 21.5% 20. 6% * 14.6%
Independent study- 21,22 L.21.2% - 34.6%

" Team Teaching 31.9% 23,.5% 9.9%. , .o
Non-graded * ° S 24,4 8.6% 4.9% - B '
uontinuous progress . 24,47 15.0% = 8.2% \\\\

2
?

, Over the years, a' large number of studies has been conducted to
= ™ . v -

; tidmal pattern; the data in Appendix A reflect 141

mathematics education alone during the two decades.

.

© .ascertain the efficacy or -the superiority of one or another organiza-

such studies for

)

Such'attempts have

been hampered by the difficulty of, isolating and meaauring the effects

of the organizational pattern, since such factore as cohtent organiza-

Q
tion and teacher skill interact with the pattern.

Additional confusion

results because'definitions of the various p'tterns,tend to overlap; thus, g

what one person labels team teaching another may define as deparﬁmental-

”
~ i & .

ization. ) . 5"

-
N

A

s
-

-In reviews of research. (e.g., Suydam, 1972; Suydam and'Weaver,

1970, 1975), it has been concluded that there appears to be no/one

organizational pattern which will increase student

matics,

achievement in mathe-

Proponents of any pattern can find studies which verify their

‘improvement.

stand, but a ‘large proportion of the studf%s reported no significant

.y - . .
differences in achievement between two or more patterns.

. - 4
. .

Y

s

- -
Decisions

.
_appear to be made on the basis of selective evidence and a hope for

It appears that belief in a particular pattern and a

desire to make it succeed may aid in creating ap environment conducive

to obtaining favorable achievement by students and,

teachers.

Qsat isfaction from

The specific'components that make any organizational pattern

¥

effective and the weaknesses that cause another pattern to seem less

-

’
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Orgaﬁizational Pattefns:'HIGHLIGHTSU

« /* . . 4
eThere ?ppears to be no one organizational pattern~which,will increase .

%
- ’

I
{ B
Student achievement in mathematics. Good teachers can be effective
N L - ot

|
regardless of the nature.of the school organizational pattern.

!
¢ p . .

!

) ) - - &
3 owhile much_has been written about team~-teaching, modular-scheduling, .

and other varied approaches, the self-contained classroom at the .

’ . . © .,

. elementary-school level and the fixed-period schedule of tne secondary

school have reﬁained predgminant orgénizational patterns.

Ry

E

Aruitoxt provided by Eic:
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C How Are Curriculum \\d Content Selected?

As it is reflected in textbooks, curriculum‘guides, and descrip-

" tions of courses, the content of school mathematics curricula has changed

.reveals both change in emphases and inclusion of aew content.

- - . L4 t
over the past twenty years. The NACOME Report (1975) noted- that

o

.’« . the common elementary program has

undergone substantial change in the ‘past L.
ten years. The label "arithmetic' has ;
. appropriately given way to "mathematics" . 4
Lo as curricula incorporate varying atounts of -

gecmetry, probability and statistics, func- -
tions, graphs, equations, inequalities;

_and .algebraic properties of number systems. ‘
v (Po 11) ) . o, . - - ,',:

»

At the secondary-school level a comparison of leading commerical texts

-

v ¢
" Much consistency is noted across the years: computation-with° ‘i

whole numbersg fractions, and decimals persisted as the mainstays of

[

'the elementary-school curriculum' the secondary-school curriculum for

college preparation continued to be based on algebra and geometry.

‘.

Differences are obvious: the inclusion of geometry at the elementary-

achool level and computer mathematics at the secondary-school level

for instidnce, or the change—from-planE”geometry—and~solif—geometry—te

Mgeometry" with no modifiér. In other instances, changes between 1955

and 1965 have been reversed by l975. Thus several topics, -such as sets .

and non-decimal.-numeration systems, are practically‘non-existent in

newer elementary-school curriculum materials.
: +

The e]ementary—school mathematics curriculum of 1955 was sequeuced
. "

in great part as a result of the work of washburne end the Committee of

Seven (1931). After thousands of students were tested, the mental age
~ N b adxa
at which each topic could be learnéd was ascertained; grade placement

, 4.

-

-
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-

and sequencing of topics were qetermined in terms of that-data.

1]

* - / A . N
Content and courses at the secondary-school level have evolved -

.
. r

over a long period of time, largely as content has moved Qownwerd from

- 4 -

Algebra, for instance,.began'tb become a mainstay

LY

%he college level.

of the secondary-school curriculum when Harvard University required it

: 2
- for admission in 1820. Geometry inoved down fron-tbe college level,just

after the Civil War. On the other hand, the»gegerglzmetoeiatics<course
. . .o i ) - S . "
was developed to meet the needs of the non-collége-bound, as advocated
N [4

0

-

‘by a National Committee on Methem&tical Requirements in 1923.

The curriculum reform movement begun in ‘the 1950s was originally

.. intended to effect changes in qoe secondary-eéﬁool currichluq for college-~ -

) bound studentsw \Hoqever, e1ementar§-school curricuium projecrs were .

77fundei‘in 1958.at the same time.astthe seconQary?ﬁchool projects were.
Mosr of the early elementary—school projects proposeo to develop supple-~ =
mentary materialé'f"énrich and extend the curriculum to incq;porare . o

- .

new goals. It became evident to those conducting secondary-school'pro— . )

» -

jects, and especially to 2?86 that secogdary-school reform would not be

L]

successful unless the elementary—school program were chaqged to provide o

_a better foundation.” Accordingly the curricuilar reform moved downward.

What characterized thé new mathematics programs was Qifficuit to

’n

Y define even-while the*develophent was occurring, for the variety was
a“ Y

7 ‘ . .

Some factors seemed common to a majority of these programs: °

great.
. . . A | T
e . (1) -Increased emphasis on the structure of mathematics. ‘
T (2) 1Increased emphasis on rigorous deductive proof, par- . .
_ v ticularly at thé secondary-school level. L
* ) «(3) 1Increased emphasis on student exploration, pérticf : ’ e
> (X} - . _ - . )
a‘v /. » . P . . R .
X = ¢ . . .
h + [ . s * 3 ~
v . - 330 . ,




') . ’ . . '. k

Y

flarly at tHe elementarysgschool ievel;“with discov;ry

A

and inductive’ approaches promoted.

f

a (4) Inﬁgeased egkﬁésls on-.correct terminology. ‘
. e it e
(5) Readjustment of grade-placeient, 'of-topics.’

w

< . . »
*(¢)  Inclusion of topics not usually. taught at the level,

- . - =

L " such as ge;metry in the ele@engary school and calculus’
. in the secondary schdbl._v’ . - "e’ Q: RN
.3oﬁes and.Coxford 21@70) named structure, proof, géﬁeralization, ;nd o s
: . abséraction as "the essence of modern‘maqhémdtics". . -
‘ ‘ ‘The N;COME Rgpof% discusses, 1nhsdmé datail, éontené ianovations, ‘ .
. © . . o .

. the role of deduction, tyc role of abstraction, and the role of sym~
- . 1 . -

* <« bolism and terminology. They conclu&gj . '_ ..

t

.o : “ne content inpovatio;; K-12, the emphasis on : S
S tudent understanding of mathematical metheds; - T .
Y] e judicious_use bf powerful unifying concepts =« )
nd §truc£ures, and the increased precision of
. mathematical expression have -made substuntial
* " imprsvement in the school mathematics,program. .
. ) i Unfortunatély, the innovatjons have not fulfilled - , )
o, the euphoric promise of 1950, and current debate -
T seems” intent on locating blame. for fallures in
real or imagined "new math" programs. (p. 21) . )

) . . . i . Co .
‘ . They go on to deplore the dichotomization of curricular issues and '
. ! note - T - R " o,
< . a‘fallacy that seems,very-;;;;IZGEE‘E3~§?331§ate;--.k\____ ‘
: ” + that of viewing the "new math" as a monolith, a - T ]
. " single phenomenon thgt one can be for- or agains\, e . .
' Aatually it refers to two decades (1955-1975) of . . Y
. v ) developments that had- a general thrust and direction p
e but sprang- from many roots, took many different and =~ -
. . even opposing forms, evolved and changed with facets NP K
e disappearing and newsones arising. (p. 21)- .
. Many studies have been conducted to trace the development of the
" curriculum (see Table 6),. Crespy (1970) provides one of the most ) - .
b thorough overviews, including topics taught in various courses from R

- ~ - C— N
@ " . L= . R/

+ . . . R .
’ . A ?




1950 through 1965 and even the names of members of various committees.

-

In summary, he concluded that: o
-.Impetus for reform in the school mathematics curriculum
~existed in the late 1940s and early 1950s. The avail-
ability of Federal funds in the late 1950s and>the shock
Sputnik brought to national attention a reform movement

n school mathematics that was already in existence.

! - The earlier reform groups started'with limited goals
-and expanded as they matured. °

~ The reform groups did not accept the principle of

~ diversity among schools in the nation, rather they

/ worked from the premise that a‘hard- core of mathe- ™ ..

* matical content existed for all and had no basis for

\.varying geographically.

- Much of the mathematics already in the curriculum served
as the basis for the mathematical content of the reform.
However, it was presented in a new light. Emphasis was
on the concepts rather than rules of operation. -Cortent
was introduced at earlier -levels than under traditional
curricula. Some traditional content was dropped or had
less time dJevoted to it; e.g., solid geometry as a sep-
arate twelfth-grade course. The major new content was
in the area of statistics and probability

-~ Much of the energy of the reform movement was directed -
to a better understanding of the basic concepts of
mathematics rather than more computational efficiency.

- Uniformly, 211 reform groups producing materials made
experimental use of them in classrooms prior to/revision_
_and final publication. Evaluation was by expoSure to
actual teaching. Students using the new materials did -
as well as students using traditional materials on tests
measuring traditional content. ~/

L‘

- New materials were widely used. By the midll960s, SMSG
and GCMP eacH stated that their materials were being
. used by five million pupils nationally {of 40 million
students in K-12}. 2
: I
Coutent was obviously fiot the only component for which chanﬁe
was attempted: the methodology was af"cted too And there’was an

"~ +

attempt to incorporate a change in goals. Historttally, computational

R
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snlll has been highly valued by society; in the 1950s, mathematical under-

14

. standing .was endorsed as another important goal. The value of this goal

AR Y

18 being questioned in the back-t o-the-basics.movenent of the 1970s.

-

Such attacks on thé curriculum began at a time when the curriculum”was

‘alréady undergoing adjustment. Two topics which are frequently associ-

.

. ated with "neWw" mathematic¢s are sets and other number'bases. By the

I

mid- 1960s, it had ‘become apparent from observations by~mathematics ‘educa-
1

tors that sets were not being used in a meaningful way in most elementary-

school mathemacics programs. "Non~decimal bases were inciuded.in prograns_

because it was presumed that their study would strengthen understanding

of base ten: But research clearly indicated that they did not do this:

the same amount of time spent on base ten was as effective as the study

. of non-decimal bases (Glennon and Callahan, 1975; Suydam and Weaver, 1975).
Iy 1

Thus both topics were disappearing from elementary-school textbooks.

In the late 1950s and early 1960s, content of the new curricula
was the focus of many articles on mathematics in educational journals.
Several NCTM &earbooks were devoted to the function of retraining teach-
ers on new content (see Table 4), as the hCTM devoted extensive efforts

to support of curricular reform. As might be expected, a large percent-

age of research in the late 1950s and 1960s focused on the feasibility

_of teaching various topics (see Appendix A). Thus Suydam and Weaver

[eadN

(1970, 1975) reviewed studies indicating that geometry,‘graphing, number ‘
systcu proPerties, integers, probability and statistics, sets,and logic
could be taugﬁgain the'elementary school. At the secondary-school °
level, functions:vvector”approaches to geometry, computer techniques,

and calculus were among the topics studied (Suydam, 1972).

42




TABLE 4 -

NCTM YEARBOOKS, 1955-1977

Y

Date . Title : C e
1957 Insights into Modern Mathematics .
1959 hThe Growth of Mathématical Ideas, Grades K-12
(, 1960 Instruction 1; Arithmetic. .
) '1961 Pvalu;tion in Mathematics ’
1963 Enrichment Matheﬁatics for Gfades ] ’
1963 Enrichment Mathematics for High School
1964 Topics 19 Mathematics for Elementag).Schbol Teach?rs
1969 More Topics in Mathematics for :Elementary School Teachers
1969 Historical Topics for the Mathematics Classroon
‘. 1970 A History of Mathématiég Education in the United'States.

and Canada

1971 The Teaghing,of Secondary Séhool Mathematics

1972 The Slow Learner in Mathematics

1973 Instructional Aids in ﬁathematics .

1973 - Geometry in the Mathematics Qurriculum . - \\\
5 1975 Mathematics Le;rning in Early Childhood
, 1976 Measurement in School Mathematics

1977 Organizing for Mathematics Instruction

-
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The Céhbridge Ca;fefence ow School Mathematics (1963) proposed a.
cgfriculum that mighi be attained by the end of the century. This visioﬂ
’ 7 vﬁag’a shock to many. Outlines of a variety of unigg were develope& to
provide evidence that the proposed content could.be taught effectively.
The curriculum development projects given nationaf’proﬁinence

(see Table 2) and those supported at the local level, in large part from

Federalcﬁqué, have similarly explored a variety of content. Both re-

° searchrah¢hdeve10pment efforts have provided "existence procfs” on the
h Y . .

. . possibility of teaching many:specific topics.

- <

There is little doubt that the number and variety of courses

-
»

offered at the secondary-school level have increased since 1955. In < .

Fd

1960-61 andn?géin in 1972-73, surveys of secondary-school course qpréil-

H

ments*were made by the National Center for Education Statistics. The
“greater variety of courses offered, the extent to which college-level

courses were made available to secondary-schoo! students, and the offer-

]

ing of "traditionally" upper-level high school courses to younger sgpd-
‘ents were noted in comparing data from the two (e.g., see Gertler and

Barker, 1972). The NACOME Report (1975) summarized data from the two
. " surveys in terms of size of school’. They emphasized the dramatic

increase in the variety of courses:

- The impact of Commission recommendations on thinking
about proper curricula for schools is evident in the
decline of solid geometry cfferings (coupled with
rise of unified plane and solid geometry courses),
growth of the advanced algebra/trigonometry option,
and appéarance of many different twelfth year options -’
in advanced mathematics. These offering and enroll~
ment data are paralleled by patterns of change in
state and local curriculum guides and mathematics
objectives... (p. 6) ’

The data from the national surve} are confirmed by more intensive

t . ?
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) surveys in ind%yidual states. For instance, in South Dakota, the number

of courses offered increased from 7 to 13 between 1953 and 1963 (Bedwell,
.1966), and offeringé‘similarly increased in Iowa between 1954 and 1964
(Hawtharne, 1966). Moreover, in recent guides it is apparent that the

variety continues and is, in fact, expanding to some extent as courses
B . . . C >
designed for the non-college-bound student and consumer-oriented courses

are added.

r

Williams (1970) prepared a "progreés report" on the implenentation

'-

of the recommendations-of the Commission on Mathe@atics,’evaluating
épecific poinEs made by the Commission in terms of the responses obtained

"for 1,910 seniors in 1965-66. She concluded that
R In view of topics that were taken and grade levels

at which certain topics were studied, the mathe-
matics programs . . . probably were not as tradi-
tional as might be implied by the pattern of courses
taken in grades 9 through 12. A number of the topics
that are considered to exemplify contemporary mathe-
matics were studied by more than half of the students
in the sample. . . . The data from the survey 4indi-
cated not only chat some-of the recommendations of
the new experimental programs had begun to permeate
the mathematicg programs . . . but also that some of
the recommended topics were being integrated into

the program rather chan being attacked in a super- .
ficial way. (p. 468)

-

However, the inclusion of different mathematical content may be
illusory. The NACOME Report (1975) raised the question of the extent
to which the so-called "new".mathematics was actually 1m;iemented,
referring particularly to the elementary~school level. The Report
noted that relatively small efforts were made to'educate elementary-
school teachers about the new content and thrusts. This, combined
with their lower level of mathematics background, led them to coﬁtinue

to emphasize what they knew best and felt they could teach best: compu-

-~




tational skills with wholg numbers,. fractions, and'deéimaxg:\'

M .
<

. ¢ - v

‘Unfortunately,fwhen efforgé were madé to,update e%g@ggta;y-sghool
teachers' background, the emphasis was éiaced almost soleiy on content,
and in barticular on terminology,‘bn precision,” and on‘non-typical
t0p1cs: Upgrading Backgrognd m;ant aéquiring more mathémaiics -~ with
comparativély little attention to the rationale for teaching that con-
tent, the gongection betweeﬁ that_contént and the eleméntéfy—school
curriculum, or meth&ds of teaching that content .to children. At the
secondary-school level, as has been.tipical 1ﬁ the pfeparagion of teach;
ers at that leve1; methodology was also considered only coihcide&éally.
Consequently, the uiiderlying goal of helping squdents.té understand
mcthematics took an adﬁunct rolé; and faf_too many teachers were led‘to
believe that it was not of central importance. Discovery or gnided-
discovery teaching was discussed but not nggessarily implemehted.

Some new areas of content have been added in recent years. The

decision to make the metric -ystem the primary system of measurement

:was reflected in the literature of the early 1970s as responses were

made to expressed concerns of teachers. Elementary-school teachers,

in particular, feared another upheaval in the curriculum. A flurry
of activities (e.g., see Szabo et al., 1975) and materials resulted,
and continues as the topic is labeled a priority by NIE.

Career_education, another new term of the 1970s, has' resulted

. in numerous curriculum guides, units of study, resource materials,

. information on specific careers, so-called "systeis of instruction",

bibliographies, lists of objectives, teachers' manuals, interest in-

ventories, guidelines, and activities for kindergarten through the

A




agéncy agenda, career education presumably will not disappear, althohgh;

ten years. The format of the objective makes explicit what is to be

’

remaining school years and beyond. Questions have been raised about the “,‘

guality'of much of this material. As another priority item on a federal

»

k4

1;s‘implications and impact have been ﬁuestioned.

- o * -

=

_Curriculum Guides: Scope and Sequence N

Curriculum guides from 38 states, or communities within those

- . oy «

states, were examined. The guides tended to be of two types. One typé

included only statements of goals and objectiyes,‘poss;biy sequenced.

~

The second type included specific activities for thé teacher to use,
similar to a manual for a textbook,(buq usu§11y with.leés,atyenzion.to
appea?ance). Major differences in content érq not féflegted across
c;rriculum guides and ocherlforms of scope and sequence from states
and ;choo} districts. Format distinctions are evident but seem minor
in importance. Content emphases vary acrosg‘the years but with limited.-
variance across guides: the same topics pﬁbear in virtually all, al-
though éhe amount of attentionogiven to each vafies from state to state
or commu;ity to community.

One of the most evident changes in curriculum guides is the state-
ment of objectives in behavioral form in many published during the ﬁast ,
t;ught and how it is to be measured, .-but at the gxpenselpf some higher- =
level proce;ses which are difficult to state in behavioral form.

In California, a state committee developed a strands approagh

(California, 1963). " Nine strands were proposed: numbers “and operations,

geometry, measurement, applications of mathematics, statistics and

. 1




-

-

and probability, sets, functions and graphs, logical thinking,ﬂand prob- :
: s

- Pl

lem solving. The strands approach has served as a model for numerous
other state guides, for testing programs, and for other curriculum de- *
velopment work. {Revision in 1972 led to the Second Strands Report

(Califoraia, 1972a).}. . S .

“~ » e .
¢

Courses, Programs, and Projects . S

Many new courses, programs, and projects wére created in response

N

to the goals-established oy local, state, and national éroups.‘ These
innovations ;ere freguently'encouraged by federal funding; and were *
often responses to certain technological developments; in some cases a
computer led to changes. There was much duplication of efforta with
courses developed in one location differing little from those~d2veloped
around similar ideas at another site. Some educators have voiced the
opinion that this duplication of effort may be ahnaeded component
accompanying change. It signifies involvenentiby those actually en—
gaged in the process of teaching. This involvement serves as one form
of in-service teacher educ..ion, considered to be vital if changes are
to be effected in instraoctional practices. -

Until the 1960s, courseé descriptionstexisted almost.solelv within
curriculum guides and as textbooks. Yearbooks and journals listed'a
few projects or programs, usually undertaken at the local level. With
© the expansion of offerings and witn federal funding involved in the
development of courses,ﬁprograms, and projects, reporting and compilation

of "what's going on" became more complfcated. Numerous collections of

“Innovative and effective" programs and projects have been prepared; €.8., '

o

'y
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by Sloan and Loomer (1973), Capasso and Lachat (1974), and Henrie (1974)

|

ERIC also contains an array of reports on specific projects. In addition,

<

=
1

NSF and NIE have issued reports on various activities and orojects, as

have the R&D Centers and Regional Laboratories.

‘. " N

In 1962, the International ClearinghouSe on Science and Mathematjcs
Curricular Developments was established at the University of Maryland.
, < - ) ) ) e
Ten reports summarizing curriculum devélopment projects have been pro-

duced (in 1963 1964, and 1965 on only American projects and in 1966

1967 1968, 1970 1972, 1975, and 1977 including international projects)

. The tenth report (Lockard, 1977) sumnarized each of the projects active

s 7

°

since 1956.
Dissemination of information about projects, as well as about re-

search findinge, has been of. increasing importance since the mid,19605,.

Both NSF 63 NIE have expended much effort to have the products of fund-

a

ed efforts implemented.

<

" Enrollment Patterns

The statistics on enroliment in mathematics courses at the sec-
. . .
ondary-school level are buried amid the hordes of data gathered annually

in state and federal education agencies. Not infrequently, differing _

i data are cited in different summaries - fhough at "times documented to

» A

the same source! Surprisingly little definitive analysis has been re-

ported on the,data: generally only small.oortions have been summar}zeda
° .

(e.g., Brown and Abell, 1966) and~u§ed~as_the basis for making some
point related to enrollments.
In the late 1950s and early 1960s, data clearly indicate that

0
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enrollment in mathematics courses increased. In 1949, only 657 of all

secondary-school students (7-12) were enrolled in a mathematics course;
" by l960, 73% were enrolled (NCES, 1960).. Truenfels (1961) summarized
’USOE data from. l958 on 4,254 randomly selected secondary scheols (8-12)
-An increase‘in,mathematics course enrollment was reported by 27.4%, -
while 1. 6A had decreases and 71% reported no change The emphasized
need for mathematics, especially as a prerequisite for college science

3

courses, and the prestige or curiosity involved in participating in

v experimental courses, probably caused the increase

Nationwide samplings were supported by data from individual states.

”,

For instance, Bedwell (1966) sampled "130 of the secondary schools in _ -

- T South Dakota, representing 687 of the student population_and 54% of the
° h mathematics teachers in the state. He reported that the total secondary- i
school enrollment increased 47.8% from l953 to l963 but mathematics

enrollment increased 154 5%. 1In Iowa, enrollment also increased in mathe-
matics between 1954 and 1964, with percentages for trigonometry and alge-
bra 2 increasing "markedly" (Hawthorne, 1966). . o
L - lhe enroilment pattern seems relatively stable in recent years, -
3 with»a slight decline in some instances. For instance, the New York
o y .State 1ist contains 62 courses offered from 1971-76. The data indicate
that enrollment declined at 'east slightly year by year over the period
for: Math 7, 8, 10, 11, and lé; Algebra I and 1I; Trade and Shop Math;
Adyanced and Analytic Geometry; Problem Solving; and Historp of Mathe-
‘matics. The numbers of_students in other courses showed an increasiné

trend; all except Basic Math 9 involved a small proportion of the total

number of students, however, and most werc at an advanced (12th grade)

? v
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level.

As noted previously, there is little doubt that the nimber and

variety of courses offered in secondéry schools has-increaged since

1955. In the summaty, .the NACOME Report (1975) stated: .
Inq;vidual increases were promineht in advanced o .
general mathematics,’ plane geometry, advanced . <
algebra, and-trigonometry -~ indicating that - -

students were already beginning toc ‘Seek more -. . o -
extensive preparation for college level science o : -

; . study. Furthermore, the 1960 survey revealed that
T, . ‘ 2.3% of all twelfth graders were enrolled in ad- . RE
\ .« - ) _ vanced mathematics courses.such as calculus, .-. . :

probability and statistics; . : . college mathe- : s
matics, . . . and analytic geometry. (pp. 5-6) .

The .1972-73, survey data reveal, some very inter-

“esting patterns. . The number “of. students taking )

a second course in algebra or the hew integrated . .

- algebra/trigonometry course had risen to nearly |
equal the number of students takiag elementary . o o
algebra., ... The-algebra/trigonometry format
captured 40% of the advanced algebra registra-
tions., ... Over 260,000 students were in cal-
¢éulus or other advanced level mathematics courses

. (four times the 1960 figure). - Some 5,000,000 ' . .

students were described as studying one of the .

various experimental curricula (SMSG, SSMCIS, :

UICSM, etc.) (p. 6) ; .

. { *
f the increase in enrollments varied from state to state, . e

. The extent

s,

- but studies from different states provide a reflection of the trend

in increased offerings which reflected increased demand. For iﬁstahce,

Truenfels (196%3 reported that the percentage of schools offering each

". course during 1653 was: -
- ) Generai\Mathematics 34.47 .
Algebra 71.6% o,
Plane Geometry 46.77%.
Intermediaée Algebra 37.0%
< Solid Geometry 3.9%
Trigonometry \ 11.59

Rudnick (1962) obtained data from 354 schools in 109 cities in 38
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”
states and the District of Colﬁmbia.
of schools offering each course was:
Course’ 1957-58 .1960-61 ] Lo
. ,Algebra I,. grade 8 ' 137 © . » 137 v R , ) ;'
: grade 9 - 100% 87% d ; .
5 . Plane Geometry . - - 967 827 N P
A ) . Plane and Solid Geometry 22 - 18% - ) —
. " , ) Algebra I1 . . 93% _ 95%
-.Solid Geometry 87% - ’ © 65%
Algebra III (College) 437 . ' 7% - .
- - Trigonometty . ‘ 93% . 88% . . .
. : Analytic Geometry 7% 217
‘ . Advanced Placement 2% . 62 . - 3
Other - 8% B T * 55%
) ) Alspaugh'and Delon (1967) surveyed a sample of 50 schools 1n U -
L] Z '
*  Missouri and conducted a follow-up squdy three'years later (Reys, Kerr, ot
. 'anQ‘Alspaugh, 1969). They noted "substantial changes for a three-. o '“ ' <

A

& year period",such\as the starred items on the table below.
= ’ o ) oo
) Course 1964-65 1967-68
\. ' Functional Mathematics-1 D7V S ‘ 95% .
, \  Functional Mathematics II . 12% : . 257 * .
o Terminal Mathematics 127 ) 197 < "
¢ Algebra’l . ) 967 987% - P ‘
" . , Algebra II t o 94% - 927
Plane Geometry 57% ' 457 *
Plane and Solid Geometry 257 48% *
o Solid Geometry 2% T
“Trigonometry 60% 737 *
Mathematical Analysis 367 657 *
. Elementary Functions . 47 . 8z ¢
Matrix Algebra 2% 7 3% .
Analytic Geometry ' ;////// : 10% .
Calculus P 1% .o
College Algebra _ . o2z '
° Probability - - 37

-~

Céﬁrse-pffering and enréllment data are, of course, affected by

-

factors other than student demand for courses.

it is ‘not’ possible to ascertain the reason for the findings.

\
. *

s

~

In many studies, however,
. - ' ’

Thus, *
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K

~surveyed. All offered General Mathematics; Algebra I, and Geometry. . ’

a

only conjécture can be made about }he resdltq‘froﬁ“two studiés (Crawfbr&,‘ h '

1267; Dunsor, 1970) in which black secondary schools in fhe South were

. . . " . a N . .t z :-
Over 50X of the Btudents were enrolled in General Mathematics. Omly-large .
$chools offered courses beyoné Geometry, and enrollm;nts in courses‘aucﬁ‘ "

as Analytic Geometry 1nvolved';ess than 12 dfhtpe'studenta. A school ' -

5o«

must be of sufficient size to warrant the oﬁfer{hg of a-coursé, but even }U
. _ 7 8, =X

s N

e e

- B s e LI . ¢ -~
in large schools, .the number of courses offered was lowe "~ ,— __ ’ .
N s - s )
N . [ R .~
P N ’ ) \é',‘ ~
. -
N |
. l- : ?
. N
‘e < ) .
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> R . ‘\
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~ ®As reflected in printg the content of school mathewetics curricula .

’..Curriculum guides vary in format and emphases, they have little variance

* bl . ’ ‘ - x
Curriculum and Content: HIGHLIGHTS . - a -

\ .
¢

3 = _ : .
- . <

I3 . R . \
o"New math?® was not a single phenomencn, but a two-decade series of

developmenrs that. evolved nnd chenged continuously. ' ; ' " ) e :
eInitiaily, curricuﬂ@m reform focused on the collegekboundAetodenr at - .

the secondary-school leval, w \le most early elementary-school project81 . s
-developed supplementary materials. Changes in intent accompan;ed . :

changing needs (noted in the overxlew) 5 ' T

/ £
@OEmphagis was placed on structure, rigorous deductive proof, exploration,

and correct: terminology, with changes*in sequence and inclusidﬁ‘i‘ ) o T

'topics. Methodologicel emphasis was placed on developing understapding.‘
!

3 . 4 .
changed. The uumber and variety of courses offered at the secondary-

l ¢
school level had increased By 1965, but inclusion of "new math" content *

#

in the elementary scPool may be illusoz?" i . .

4 o <

3

in’ content, with tpe impact of gﬁe California "strands' approach evi- - ,
\dent-in many. BehaJiorally stated objectives distinguish many %965-25 )

guides from earllen/;;ides. . ‘ ’ ‘ Yoo '
oThe need togdisseninate information to inctease implementation of new o

curricular ideas became apparent. - v . \

” . b .
eSince 1955, data clearly indicate that enrollment in secondary-school « -
* ' .. b *

mathematics courses has increased, -especially in advauced mathematics ‘

- 1

courses. Thus more students are studying moég mathematics. A large

* .
o

percentage of students have studied materials developed by one or



E

another of the curriculum development projects.

2

T ®Enrollment patterns-seem relatively stable 'in the 1970s, with continued

small ‘ifcreases in advanced courses and in ﬁasic or remedial mathematics.

t
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D. What Goes. On in thé Classroom?

Class size, time allotment and use, teaching épproaches, and the

‘differentiation of instruction are each explored as facets of what goes

<

on in tHe classroom. i ,

Clas; Size
Class size has been of continuing concern, but there is little
' evidence that mathematics achievement is affected in a simple or direct
way by total class size; rather, the size of the group with whom the
teacher works on a particular topic may be of iucgortance. A ratio of
oné teacher to one pugil (e.g., Moody et al., 1973), while séeming opT .

——
timal by some criteria, obviously does not seem optimal by other cri-

teria, not the least of which are fiscal limitations. To a greater

‘extent today than in 1955, class size 1s:ﬁegot1ab1e by teachers with
school boardé. But as school budgets.tighten, the number of pupils per ] '
‘teacher, which had decreased by the end of the 1960s, is beginning to |
climb upward\again. In séme sets of data, however, this is obscured

by including 'special class, supplementary services, administrative,

’

and other personnel in the equation.
\ _ _ -

é;etler 2}959) reported that 46% of the 574 mathematics classes

in his survey o¥ssecondary schools in 20 states had an average ciﬁsg\\

size ranging from 16 to 25..-£or 35%, the range was 26 to 39, while .
18% averaged 1 t6‘15 students. Only 4 schools (less.than 1%) indicated )

the use of large classes averaging 40 or more students. The average . N

size of mathematics classes varied directly with school enrollment. \\ )

Furno and Collins (1967) analyzed data from 16,449 pupils enrolled N

96




in third-grade'classes in Baltimore schools in 1959, and . aced their

patteyns for 1959—}964. Students in smaller classes in fﬁe regular
curriculum made-;ignificantly greater gains in arithmetic achievement
over thej%ive-year period in 96 comparisons to 29 for students in larger
classes. 'The advantage of small class size (up to 25 students) was
coﬁsiderably greater for non-white students and for those in the spe-
cial education curriculum.

In discussing data from the National Longitudinal Study of Maﬁhe-
matical Abilities (NLSMA), Begle (1973) reported that class size (less
than 30, or greater than or eqﬁal to 30) had an effect on ach?evement
in 8 of 16 instances. He commented:

>

Curiously enough, the smaller class size was
more advantageous for elementary school students,
but the larger class size was more advantageous -
at the junior high school level. (p. 212)

Salopek (1974)\reported that class size was one of three consistent
predictors of v;riance on arithmetic tests in grade 6 in one county in
Pennsylvania, and.similar correlational data have been reported from a
few state assessments of ?chievement.
Jamison, Suppes, and Wells (1974) conélgded, however, that
where significant differences were }bpnd they
were about as likely to favor large classes as

small and that even when differences were signif-
icant they were usually small. (p. 21) )

~

In five studies specific to mithematics classes covered‘iq their re-

- .
view, lia.p2 classes (usually more than 25 students) were faGBngd in

three and class size was not significant in two; in six studies on"
various subject areas (including mathematics), smaller classes were

favored in five, with no significant differences in the sixth.




., Time Allotment and Use

Thg amount of time allocated to mathematics instruction varies
across states and across grade levels. From somewhat limited evidence,
it appears that the time mandated in various states and communities for
mathematics instruction ihy not be the actual amount of time spent on
mathematics infgzgctioﬁ, however.

Researchers have considered several questions related to tlie use
of time:

-

(1) How much time has been allocated to mathematics instruction?

Table 5 indicates evidence from several studies in which respondees
were asked to indicate the amount of time on mathematics ivstruction
(Miller, 1958; Jarvis, 1966; Price et al., 1975, :1977). They confirm
data on time‘allotments suggested by various states, and indicate that
the lower the grade, the less time spent on mathematics. One of the
studies cited observation data which contrast sharply'with self-report
data; Conant (1973) indicatea that far léss time may be spent on actual
instrgction than is reported. Reports from another project (Filby ég al.,
1976; Fisher et al., 1976a. ; Marliave et al., 1976) also indicated dis—
crepancy between allocated time and 'engaged" time. From other studies
(e.g., Olson, 1971), it appears that approximately 20% of the elementary
day has been allocated to mathematics instruction; at the secondary-

school level, 200-300 minutes per w:ck.

-(2) What is the best use of the time devoted to mathematics
instruction?

To determine how the use of class time affects achievement,

Shipp (1958) compared” four groups, in which 75%, 60%, 40%, or 25%

of class time was spent on developmental work while the remainder was

52 o8




Researcher
Jarvis (1966)

Miller (1958)

Price et. al
(1975, 1977;

Conant (1973)

Filby et al.,
1976

Fisher et al.,
1976 a,b ,

. 1976

TABLE 5

TIME ALLOCATED TG MATHEMATICS INSTRUCTION -

Marliave et al.,

Method of Minutes per day
collecting Source Grade
data of-data level Mean Range
self-report 165 schools 4-6 45 30-72
self-report 34 large- .
city schools 1 23 0-59
2 32 0-59
-3 40 20-69 i
4-6 45 30-69 i
44 Smal l_- <@
city schools 1 30 0-69
: 2 35 20-69
3 42 20-69 i
4-6 47 30-69 \
self-report 1,220 2 55%, 40 min.
teachers - or less; \
43 147, less
than 30 min.
5

observation

self-reporrc
and
observation

47 teachers 1-4

6 to 33
classes

80%, 40 minA\
or more;
5%, less

than 30 min. L

considerable
variance in
amount of
time on dif-
ferent topics,
and also in
amount of
engaged time

18




a ‘~ ; spent on.individual practice. Higher achievement in computation, prob-
lem—solving, and concepts was obtained when more than half the time was
spent on developmental activities. 1In replications of the experiment \

éigge (19645 and Zahn (1966) used sther time allocations’ at varying ‘ ' .\
grade levels. They confirmed the tinding that when the greater pro- ,
portion of time is spent on developmental activitieg, achiepement is'
. higher.

(3) How is time used?

It comes as a surprise to many people that there are actually

relatively few studies which describe the actual classroom situation.

Goodlad (1977) noted:

There is only one honest answer to the question,
"What goes on in our schools?" It is that our
knowledge is exceedingly limited. ... There is b . \
not now either a body of data on what transpires /

in schools from which to begin an enlightened .

discussion of schooling or a tested methodology ;

] for securing these data. (p. 3) /

In most studies in the classroom, the setting is described only gen— |

erally. Comparisons are made with the "traditional" or "usual" class-

room, as if everyone knew preeisely what that was. There are also some§}>_
" surveys in which teachers were asked to list of to check activities

which they use. But cnly rarely have observers gone into classrooms to

see aud eefine what is occurrings éome studies provide information on

verbal behaviors (e.g., Fey, 1969a, 1970; Halperin, 1976; Kester, 1969;

Mahan, 1971; Meckes, 1572; Stilvell, 1968). Thus it is kr wn that

- the teacher talks about 2/3 of the time

* teachers tend to use a direct, rather structured
approach

60




A

! - over 50% of the quesfions teachers ask are at
the knowledge level, requiring relatively low-level
_ cognitive processes from students

- the teacher initiates most exchanges, with students
. * - doing little more than answering questions -- in
addition to sitting and listening

- teachers communicate with brighter pupils in‘a‘more
.. friendly and encouraging manner than with other
students

2

Evidence from a variety of éohrces documents a picture of the

® -classroom -- at both elementary-school and secondary-school levels --

o
:

that has changed little, dospite the innovations advocated in the past
4 -~ Y
20 years (e.g., see Alspaugh, 1966; Brown, 1974; Conant, 1973; Gates,

1969; Goodlad er al., 1970; Hughes, 1959; Price et al., 1975, 1977;

%

__ - Shetler, 1959):

- teachers spend a large proportion of their time
on managerial duties; an "astonishing amount of
time" (perhaps up to 707%) is taken up in control,
classroom routines, and what appeared to be scarcely
» more than busywork _
- telling and questioning. usually- in total-class
groups, is the prevailing teaching method

- tell-and-show and seatwork at the elementary-school
level, and homework-lecture-new homework at the

— secondary-school level, are the } ‘vailing patterns

- textbooks predominate as the medium of instruction,
with a single text followed closely; some teachers
use virtually no other activitie: or materials

- the'pace of lessons is slow, yet teachers allow
little time for individual pupils to answer
questions

~ in the elementary schbol, the major portion of time
is spent on reading and language arts, with mathe-
matics second

- seatwork consumes up to 507 of the time in class;
questions and answers or discussion and expldaining




involve about 25% of the time ‘ i . " .

.~ teachers are teaching essentially the way\they were
taught in school \
> . \. o
. { . .-
In an 1nteresting variation on the usual assessment of time .
- \ . "

allocation, Barley (}975) described the amount of éime in formal in-~
. A ‘ ‘ °
. struction in terms of the percentage of their waking lives that students

(3 =

spen& on each subject. For the majoirty of students{K;lz school days‘
.
consume 167 to 207% of their waking lives in any given schoolﬂyear , The

majority of elementary-school students spent. about 3% of their waking
lives on mathematics (compared with 7.6% on reédin@’agd lé;guage arts).
Secondary~-school students spent about 1.8% of .their tgﬁé on mdathematics
(compared” with. 2.1% for science). § ;
Harnischfeger and Wiley (1975) concluded that students who spend

190 days in school achieve more than do those who spend only 170 days
in school each year. In commenting on this, Goodlad (1927) stated:

If time spent on learning affects quality and |

quantity of outcomes . . . then how the days |

and weeks of the school years are being used

and how they might be used differently becomé\\ -

first and second items on the agenda of school .~
improvement. (p.4)

)

Earlier, he had noted:
To carry on a serious dialogue about, let alone .
to seek change, American schooling or simply .the
local elementary school, without a rather substantial
body. of the information implied seems somewhat bizarre.
< And yet, to do so is virtually a national pastime.
In our pseudowisdom, we know what schools need without !
knowing what they dlready have and we know what | | ’
to put into them without knbwing what needs to be !
replaced. (p. 3) \

. |
co
Several major classroom observation studies are cur-

rently. being conducted. One, directed by Stake and Easley at ghe

°




Uniiersity of Illinois, isa compé;ion study with the present one, spon-

i
.

‘ sored by NSF. ?he ipEent is to asceftain:the factors that are involved

as students are‘taughé mathematics. In-depth case studies are being made

in ten scpoél districts; obsqrv;tions and integveiws with students and

teachers are componerits of the task. Another study ;s.beihg conductéd

by Goodlad (1977) for I/b/E/A,_and 1s an extension of his previous studies.

A third study has been dnder;ay for several years at the Far West Regional

Laboratory (Fiiby.eg al., 1576; Fisher et al., 1976§,b;'ﬁ§}liave,<i§76).

‘\Q\\‘Theirvdata,based on a relatively small number of clagsroom; in grades 2
and-5 actually observed, indicate that there is considerable variance in
the ;mount of time spent Ah different matﬁematical topics. There is-also”
considerable variance in the amédnt of time actually "engaged", or directed

3 LI
t to the task, by the students.

(4) Can some students profit from spending more br less
time on certain courses? '

5

Pgésibly Qow time is used is of more importance than how much time

is available. Achievement differences favored students in grades 4—6
spending 60 minutes per day rather than 40 minutes per d;y on ﬁé;hemgtigs
instruction (Jarvis, 1963; Lawson, 1966). In the Oregon (1976) proéress

_ assessment, however, améung of time pef day in formal mathematics instruc-~
tion (16:30 minutes, 31-45 minutes, 46-66 minutes) revealed little or no

r

significant differeﬁces in performance. The percentage allocating each

amount were 127, 50%, and 32%. Other studles (e.g., see the literature

o ' .
review in Fisher et al., 1976a,b) have also reported varying results on
the rclationship of time and achievement. Fisher et al.(1976a,b; Filby

44 . 13

et al., 1976; Marliave, 1976) have found that the amount of time is,
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)
related to achievement when substantial amounts of time difference are

obéerved.

Doubling the length of the class period from 55 minutes to 110

minutes by meeting for only half the number of periods was not found

to affect the achievement oi secondary-school students (Albers, 1973;

'
v

Hansen, 1963). Whethér lengthening the number of semesters spent on a
course has an effect on achievement has been studied with aigebra‘for

10§L32£;;$ers; results differed in studies by Buchman (1972), Herriot

(1968), and Posamentier (1973). ’

Acceleration will be considered in a later section; in general

it has been reported to be effective for some students.

Teaching Approaches

Many varying instructional approaches have been and are being

tried in classrooms. The literature reflects current concern tﬁat far

Y

~too many of them have been promgted as panaceas, rather than as com=

ponen%s in a teacher's repertoire,~to be used as children, content,’

and circumstances warrant. The emphasis of r;search has been on such
compariésns as expository versus discovery approaches, incidental versus
systematic procedures, or team learning versus independent study. Only
limited attention has been focused on the circumstances under which each

«

could be used with optimal outcomes by an individual teacher. Educators ~
generally believe that children learn best in various ways; thus it may _
follow that individual teachers may teach best in various ways and that

specific content may be best taught in cert%}n ways.

The literature on comparisons of various types of approaches is

)
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-

plentiful (see Appeniix A). Some reviews of research have-provided some

—

gyntﬂeses (see'Table.é). .The topic of most concerﬁ\for the past two

. \ ,
decades, discovery learning, has been the object of several reviews.

Tanner (1969) found studies on discovery versus expository instruction

\

provided "irsufficient rationale for sweeping changes iﬁ\currifulum and
~ A\

7.

. \ .
. instruction". In his aore extensive study, Weimer (1975) also reported

I'no clear evidence of a singie super ior method"; rather, ﬁhépy effective
. \ . - \\‘ -

teaching strategies are available". : B

Suydam ‘and Weaver (1970, 1975) ¢oncurred with thié;,a sﬁmmary by

Robertson (1971) expresses their point: - . v

It would appear tha* no one treatment or mode of
instruction can be considered the bgst approach.
The teacher who learns as many instruction»! modes

o

\ as possible, identifies and diagnoses pupil needs \\
and abilities, and uses this knowledge to individualize

instruction may very well get the best results:

(p. 5279) °
Research has indicated rather clearly, however, that meéningful
instruction (that is, instruction in which the learner is taught under-
standing of-an ides) will lead to higher achievement than will rote in-
struction (Weaver and Suydam, 1%72). This does not preclude all learn~-

) i i
ing by rote, however, for certain skills are. particularly amenable to
such procedures.
Learﬁing through acti§1ty approaches such as use of a mathematics

laboratory or other approaches in which materials are used was stressed

increasingly in the 1960s. There is evidence that teachers believe

that such activities should be used ~- but they are actually'used by few.'

Research indicates that the use of manipulative materials appears to be
74
important at all levels at least through grade 8, indeed, even adults.

. L
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/ SELECTED REVIEWS AND SUMMARIES OF RESEARCH
o). ON° TEACHING APPROACHES . IN MATHEMATICS EDUCATION

A
{
i

épthor

[

Anderson

“Austin et al.

Bittinger
Broussedu
Buswell

" Conholly
Cruiskshank/Arnold

Dessart/Frandsen

_Earp

Fennema

- Ferinema

Fey

Gibb\et al.
Glennon et al.

\Goldstein

Gorman

Hatfield
Henderson -
Kellogg/Johnson
Kieren
Kilpatrick
Noffsinger/Dobbs
Payne

Reys
Riedesel/Burns
Romberg >
Spitzer
Spitzer/Burns
Suydam} _
Suydant/Dessart .
Suydam/Higgins .
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" elementary-school mathematics /.

* secondarf~school mathematics

fractions f ) - - . e
‘Summer compensatory education }
discovery ' =

mathematics laboratories

mentally retarded”

non-decimal numeration
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learn many ideas through g;e use.of materials (Suidam and Higgins, 1976,
1977). Students usingHéqt1v1ty-or1enteg/péograms o£ units cah be ex~

pected to’achieve as well or better than students using pf;grahs not ) ’
‘emphasizing activities (Kieren, 1969, 1971). That the mathematics lab- °, .

oratéry is one strategy among many, tc be used as appropriate, has been .

] -

g noted more frequently in the '1970s than it was in the 1960s,

~
~

Research has also been concerned with a large number df specific e

comparisons of techniqués‘fo be used in teaching; for instance, sub-

traction with regrouping, the division algorithm, or algebraic equatiLns

~

~  (see Table 4). Sdch studies have beén summarized in a variety ?fﬁdoc-
uments withainterpretations for classroom applications (see Table 6).
Jamison, Suppes, and Wells (157&) provided an overview of re=
search on the effectiveness of various modes of 1nstructioﬁ. Erom'FPeir ' -
analysis of studies on traditionaltinstruétion, categorized by an array.
of variagleéy they concluded that ''few variables consistently make a
L .difference in school performance" (p. 26).' They emﬁha§1ze that this '

t N -
‘'does not, however, imply that schools make no difference in the cogpi- -

tive devilopment of their students" (p. 27).

’

'

. !
Differentiation of Instruction ' /

! ’

One of the major emphases during the 20~year period Has been the

- concern for individualized instruction. As Schoen /(1977) reported:
In the 1960s and 1970s there has been %enewed
emphasis on the responsibility of schools to .
. meet the needs.of individual students, Not. ) ~
, since the peak of the progressive education ‘ .
movement have educators focused so directly
on the individual. This phenomenon #s re- ;
flected in the préfessional education literature ; .




b,

,programs.

of recent years. Fof examplé, in 1971 the
Education Index listed 124 articles on in-
dividualized insttuction; the average number
was about 35 4 year during the decade of the
sixties. In<contrast, on}y about 4 or 5 (and
often fewer) -articles on Individualized in-
struction appéared each year in the fortijes,
. and the fiftie’s (KozaK 1974). (p. 198) )
. v A

Belief in the need to account for individual needs, combined wit

ideas from learnlng ti .oy and from technology, led to the deveIopment

of systenp‘for individualizing-instruction. There is little éViuence

that the resulting self-paced systems Sie any more effective th»n other
Schoen (1976a, 1976b,.1977): has documented this point rather
extensively, Kozak (1975) and.Miller (1976) have also prepared recent
Schoen (1977, pp. 212-213).summarized his findings‘
e \—-_
Results favored traditiona: instruction (TI) more often

. than self—paced instruction (SP1I), although many analyses'
resulted in no significant differentes.

reviews.

Locally“developed programs were about as.effective ‘as
-those sold commercially. ) ’

c -
L

SPI was particularly, ineffective in developing comoutational
skills at the intermediate and junior higu-school levels.
High ability studean achieved equally well in.SPI as
in TI, but most low-ability students were uanable to

- function, in SPI.

o

.On affective criteria, 40 of 55 analyses .resulted in
significant differences between the TI and SPI groups.
Teachers in SPI have tended to spend more timé.on
procédural matters and to restrict educational dis-
cussion more specifically to t%2 topic at hand than
teachers in a typical TI clacnroom.

\

b

. -, The diagnosis-prescription aspect’ of SPI has hot
‘ been shown to be effective. /.

K ]

»
v >

.
“

.- Projected over a five-year period, costs for materials
alone for SPI were about cNur or five times that of TI.

¢
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‘l !,ﬁ . Two independent studies, one funded by NIE and conducted by the

[

Educational Testing Service (ETS) and one funded by the Office of Educa-
« tion and conducted by American Institutes for Research, also suggested *

_fhat materials for 1nd1v1dua11;ed instruction “

. ) " made little or no differencg.in improving

’ \ achievement unless the materials are used

.- . in a setting where there is one~to-one ' AN
interaction between teacher and learner . . .
, . {In mathematics in particular,} students :
- who were identified as overachievers, on : --

s - the average, were members of programs with

: - ° a more moderate emphasis on innovation. . (EPIE, 1977, p. 2)

Many procedures for_differentiet;ng instruction have, however, been \
found to be effective; for 1nstance,‘g;ouping for specific needs. "While
research evidence tends to be eqiivocal (Suydam ard Weaver, 1975), there

. . 1 )
. is evidence from individual users ‘that it is a useful way to provide for
individual needs. However, it has béea\Qoted in journal articles and
oth;r,literature that mhny teachers find it difficult to group for mathe-—
matics instruction; in the eleméntary school’ grouping-for reading has
long been the pattern, but additional grouping for another subject which

AR consumes fewer-minutes per day has not been Qidely acéepted. In the

seggndary‘school, there is.the lomg-held belief that one or another way

" of tracking students -- that is, assigning them to classes by ability or

3 - K

" achievement levels —- will take care of the need for individualization.
Thus, while many variations have been proposed, most elementary schools
throughout the past two decades have tended to use heterogeneous grouping

s procedures, while secondary schools have tended to use one or another form

of homogeneous grouping, ’

’ . e
The teacher must identify various factors related to pupils' achieve-
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ment and interest in mathematies, and then deciée on appropriate vari-
ations in éontent, materials, method, and time. Related to 'this is .«
research evidence that,°despite the fact that a teacher might be sensi-

. tive'to and state'dirferences amo.lg pupils, teachers frequently do'nét

differentiat;'instrpction,iand may frequently select topics and ideas> —
which students already knon. rSkager (1969) found that teachers selected

* instructional objectives for low-aéhieving seventh graaers;that reflected
skills alrea&y‘available to their students, and geared instruction to :'~
skills already=aéhieved by students at the time of their'entry into the
program. Strickmeier (1971) studied patterns of teacher verbal behaviors -
in seventh~grade mathematics classes grouped by ability; comparisons were

~

_made of teachers' perceptions of- their verbal behaviors and expectations

for classes of different ability levels. Although teathers hzd different

l e —
perceptions and expectations for classes of different ability levels,

f

such differences were not refﬂectad by observable differences in the

teachers' verbal behaviors. 1 ;
|
Stiglmeier (1973) similarly found little relationship between
eighth-grade teachers' judgnent of student needs and instructional mode.

\ -
The Educational Products Informa%ion Exchange (EPIE, 1976b) reported

s a pllot study: \

\

\' Students tested on the first day of school

‘ hav~ achieved a mean score of 64 percent on

| tests made up of tes” iQems taken directly

. from the major materials\ from which they

* were to be instructed fur the rest of the
school year! (p. 2) - i s -

’ \

Nelson (1960) interviewed 183 ! Nebraska secondary_school. teachers,. -

——— e v el

o —— o — s tri P

visited 85 classes, and obtained vritten responses from 2 185 students.




She concluded that the teachers used a wide variety of methods, but, ex-
cept for-the most_capable teachers who used techniques for adapting in-
struction to students' abilities-.and needs, differences in teachers'
"skill rather than the method used ;ere most evident. She observed "few
_accommodations to individual differences" in the organization of the

-

classes.

The Educationally Disadvantaged Student

The educationally disadvaﬁtaged have been a source of concern since

y 'Y ¢

long beforé 1955, or 1965, when federal attention was focused on them.
These students, who are labelled slow learners and low achievers, as
well as those who are handicapped physically, mentally, or othetwisc;.ﬂ
bééan to receive relatively more attention in the early 1960s. For
example, the NCTM formed a Committee on Mathematics for the Non-College
Bound in 1963 that became primarily concefhed witﬁ—tﬁ; low achiever.
SMSG experimented in the early 1960s with a slow-paced beginning algebra
course designed for two-year time span rather then the fypical one-year
course (Herriot, 1968). The primary concern was for studente at the
junior and senior high school levels.

With the passage of ESEA Title I in 1965, the atteition of educa-
tion shifted %9 the elementary school. The appafent assumption that
starting the child in school [:zorrectly" yielded achievement benefits
in later years interacted with the cumpensatory education thrust of pro- .

viding for early success in school by enriching the child's erivironment.

£vans (1971) documents the character of many such programs, including

Head Start and Follow Through, that were designed to facilitate success
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in the early elementary school. Osborne and Nibbelink (1975) identify
some of the m;py evaluative studies of such compensatory progr;ms!\noting
that those cQg;itively oriented programs that carefully control the struc-
ture_of the learning environment and activities appear most successful.
One sug? program {§_2}§I§§ﬂ£§gg}gg§g;and_gginigg4_1959); it appears so
extreme in controlling the environment and activities for learning that

many teachers and mathemasicq_educators find it conflicts with their

beliefs about.teaching and the nature -of mathematics. . .

The concern of the slow learner breadened in the early 1970s .to

o

-
-

zncompass both elementary- and secondari—school students. The attention

to the academically disadvantaged child at the early school levels has ’ “j
continued. The evidence on the increased variety and number of courses

at the secondary-school level described earlier reflects the design and N

-

implementation of special-purpose courses for the‘Iow achiever, as well
as adapting general mathematics courses to their needs.
The concern for the educationally disadvantaged stvdent encompasses
more than simply low achievers. The handicapped have been a major con-
cern throughbut the twenty-year period. In 1955, the emphasis was on
spegial education for mentally retarded and other handicapped students,
since their needs were not being adequately served in the régular class—
room. In the 1970s, however, just as most schools had made provision
for such classes, a move in the opposite direction occurred: "mainst;gam—
ing"‘was advocated, since it had seemed.épparent that both "special" .

<

and other students derived social and psychological benefit from inter-

i

‘
:

action. The need to provide trainingvto help these students became a Y

* priority item in several states.
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From a review of the research on the academically and environmen-

v

tally "disadvantaged", Suydam and Weaver (1971; Suydam, 1971) concluded:

a. The disadvantaged, as well as all other pupils,
profit from special attention from the teacher,
the content of the program, the instructional
materials, and the organization for instruction.

b. The mathematical characteristics which distinguish
disadvantaged from advantaged pupils appear to exist
- in degree rather than kind. That is to say, dis-
advantaged and advantaged pupils have similar ’
abilities and skills, but differ in depth or level .
. - of attainment. ot .,

c. Rate of Fearning is but one variablé to be con;}dered

. . in providing effective instruction for slower Iearners. .
Methods of instruction also must be adapted to these
pupils. e

a. §6cial relevance appears to be more crucial to consider
in the case of disadvantaged students; however, little
research has attended to this topic.

mp——

e. The degree of meaning (in the mathematical sense) which
is optimal for disadvantaged students is an unknown
factor. While there is some evidence that "discovery"
approaches are not as effective as rule approaches with
low achievers, it may merely be that more-closely-guided
discovery and lower levels of meaning are appropriate
for these groups. .

f. Active ﬁhysical involvement with manipulative materials,
which is believed to be important for all children, may
be even more so for the disadvantaged.

- g. Pupils who are disadvantaged mathematically may also be

’ disadvantaged in other factors which are related to their
mathematical learning (e.g., reading ability). Such
things must be taken into account in planning th-~ curriculum
for the disidvantaged child. )

h. It does little good to report that special programs for -
disadvantaged students are effective without also re-
porting in detail the specific nature of those programs.
R .. More evidence on "ideas which.work', as well as research, _ . __

o e v - ——

is needed.
[} )
i. Groups of disédvantaged pupils are not all disadvantagel
in the same way. There is as much need to individuaiize

las Ko ' . .
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instruction for disadvantaged students as for other

groups of students.

The Talented or Gifted Student

Ball State Project, and other curriculum development efforts were in

:thé College Entrance Examination Board and the NSF Summer Science Train-

The early stages of the revolution in school mathematics focused

on college-aspiring youth and the development of curricula appropriate

]
L9

for them. The motivation for and the development of UICSM, SMSG, the

terms of—serving those students destined for college work ip mathe~-
matics and science who were likely to become a part of the scientific
talent pool during their mature, contributing years. Some projects’
and efforts were directed toward the studenés of exceptional scientific

potential within the set of college-aspiring youth. Two specific

efforts deserve particular comment: the Advanced Placement Program of

ing Program *for Secondary School Students.

‘ The Advaunced Placement (AF) Progr;ﬁ was created to allow the excep-
tionally talented student in mathematics, who had worked ‘through an accel-
erated curriculum in secondary school up to work with the calculus, to
take examinations set by the CEEB, in order to receive advanced placement
or college credit (or both) for mathematics. The CEEB created {and keeps
current) a course syllabus for secpndary-school mathematics departments
desiring to participate in the AP program. This syllabus provides the

base from which the AP tests are cc .-tructed. The program was established

“"in 1955 with the first test given to 386 students in June 1956. Since

this beginning, the program has matured, been modified, and Secome an _

accepted means of serving the needs of the talented in mathematics who
’ te
4
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; advantaée may be greatest for those students who do not major in mathe- *
k1)

are in schools that have appropriate curricula-for acceleration -in tathé-
¢ - \

}
matics. Heikkinen (1964) and Lefkowitz (1971) presented compelling evi-

dence that advanced placement in mathematics provides a significant advan-

tage to students in college, allowing them to progress through their in- o

kS

tended major more expeditiously. Heikkinen's study suggests that the

—

ﬁatics at the vollege level, but are in f;elds using mathematics. Lefkowitz's

s> o

survey of 271 students, who had been in the AP program in one high school __ - ————u-.
over a ﬁine-year span, indicated tha’ many siudents desiring, college _
majors in mathematics felt that the program was not sufficiently theoret-

ical to serve their interests. This was particularly true early in the

' history of the AP program, but was reduced somewhat with the implementation

of two syllabi by CEEB for the school year 1968-69. (The Calculus AB
syllabus is directed primarily toward an intuitive understanding of the
concepts of the calculus and the skills with methods and applications of

the calculus. The BC syllabus addresses the theoretical underpinnings of

[}

the calculus to a much greater extent.)

The‘rgaction of colleges and universities to-the AP program has made
it a part of higher education. For instgnc;, in 1963 the Ohio State °
Departmént of Education reported that 90 percent of the colleges and
universities in Ohio had accepted the AP Program and would give either
advanced placement or credit or both. In Utah, the percentage of those
qualifying for advanced standing has risen steadily from 49% to 60% (utah,

1974). - -

The Adv;nced Placement Program in mathematics requires that a school

’

carefully design a curriculum that will accelerate students. The most

7

(1]
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sucessful schools begin the acceleration process early in the junior high
schoo% experience. Thg'AP program doe; not' work well in schools which |
designed a program afféfding students AP opportunities only in the last
year or‘tﬁo of ée;ond;ry school.

More than 15,000 students per year are curéeqtly involved in AP
programs. No direct evidence is available indicating the extent of the
effect of the AP program because many students take AP courses but decide

not to risk taking the test. But by ény reasonable criterion, the AP pro- ’

-

gram must be judged a success in serving the needs of many bright students

in school mathematics.

The NSF Summer Science Training Program for Secondary School Students
was founded on a different philosophy for serving the interests of the

exceptionally able in mathematics (and science). ' The primary feature

- -

of the program is enrichment rather than acceleration. *Never serving—--

many students, the program did establish a model for some institutions
P
that continues evenr today. In 1959, 113 institutions provided summer | S

science and mathematics experiences for approximately 6100 stulents. ) v

The experiences were of four primary types depending upon the institution
(1) Orientation programs'of relatively short duration

(two to three weeks) providing general backgcound

material in science and mathematics. ' o

-

(2) Classwork~laboratery programs centered -on one or
two fields of mathematics and science. These pro-
grams were of four to eight weeks duration and
» provided significant study within a single field. ¢

(3) Classwork-project programs centered on one or iwo
fields of mathematics or science. -Similar to the
classwork-laboratory programs, these differed
primarily in that the students worked on individually
‘conceived research projects.

(4) Full-time résearch-participation programs in which

° L}

N

»
..




no*

students worked as assistants on ongoing research . , .
projects at host institutionms.

~

An evaluation of the 1959 summer programs by Science Research o

Associates (SRA, 1960) indicates that there was a significant impact v

on participants. In two surveys (one immediately upon completion of

the summer program and.one after the students had considerablé time away
from the experience) and extensive interviews with participants at 17
of&Fhe sites, evidence was collected indicating that substantial personal
re-orientation of career goals had taken place. Significantly, more than
haif of the students came from homes not réﬁresenting ﬁarents with pro-- T
fessional, administraéive, or managerial occupations and slightly more
thaﬁ ﬁalf were from homes with parents of educational levels ircluding

no’ collegiate experience. Thus, the program served a broad spectrum o
of the poﬁulgtion.

2spite similar evaluations of summer programs, political and sociétal
concern for the talent 'in mathematics and science decreased during the '
1960s. Very little governmental support was given to this type of pro-
gram. Currently, two regional programs,serv;?the needs of some talented
students. One is the Governor's Honors Program, conducted each summer
by the Georgia State Education Department. Designed to serve the needs
of the excepéionally able student in the many small, rural schools typical
of Georgia, the program involves careful selectién of students and pro-
vision of aﬁ’enrichég experience in a particular field. ‘The program ap-
pears appropriate for other regions with small schools where comprehensive

curricular programs are not possible because of budgetary constraints.

The other notable program in mathematics is one that was begun {by

\
77 - )

71




Ross) at the Ugivepsity of Notre Dame with NSF support, moved to The

Ohio State University, ard is p;esently s;onsored by the University of -
Chicago Department of M;thema?ics. Designed to encourage students to
realize their potential in hathematics, the program has a remarkable history
of,encouraging a signific;nt portion of the participants to pursue a’

career of research work in mathematics. In designing the program, .Ross

was particularly careful fo provide students with a curriculum that T
allowed significant exploration of deep questions in mathehaéics that
were ;elatively free'of prior, fofmal experience in méthé&at;;;:w_E;;EZS,
such as number theory, éhat would accommodate to personal, exploratory,
work and the development of mathematicaj intuitions, were exploited

to de;elop a power ;ith problem solving. Participants who begin the
pr;gram early in their secondary-school careers can participate for more-
-than one year. Extensive use is made of prior participants as counselors
in tg; pnogr;m. Eberle (1971) provided detailed information concerning
the. effect of this summer program on the participants during the years
1964 through 1969, Her follow-up, of the participants captu{QZ%the signi-
ficent impact that this kind of program can have in nuturing scientific

talent and he potential of this type of prsogram in contributing to the

pool of research professionals in mathematics.

Accelerat;on, ability groupingi\fzzzial courses, and enrichment -
have always been the obvious means for ¢oping with the talented. .However,
acceleration and enrichment are the primary alternatives for serving the

interests of the exceptionally gifted in mafhenfatics. Kesearch provides
. ‘n . T
little significant evidence that one of these methods is to be preferred,
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_other factors being equal. The constraints imposed by the local school _
sttuation and the talent found in the mathematics teaching staff may well
determioe what is possible at the local school level. Data on the per-
cefitage of schoo}s zsing eacﬁbvaries from survey to survey; in general,
however, it appeprs that spocial todrses are the most frequently used ) R
procedures and”aLceleration the least used. For.the junior high school, |

 Begle (1976) fev%eﬁed 42 research reports gealing with acceleration for

.talented and cono;uded-that acceleration was-oreferablé to enrichment

Tat that level. Studies at all levels indicate that cave sheutd be talen I
to select the opt;on that is most appropriate for-the individual.

Special curricula for the talented in mathematics have been created
to serve the upbor tenth of the student population. The Secondary School

Matheoatics Curriculum Improvement Stody (SSMCIS) at Columbia University
and the Comprehensive School Mathematics-Project (CSMP) at CEMREL both

built curricula for the secondary-school student of exceptional talent

and represented a move toward realizing-the curriculum advocated in the

Cambridge Conference Repott (1963). Both ofdthose curricula can be
Soccesoful in a sc%ool having a sufficiently large population of talented
studepts and a staff with the mathematical capability for teaching the
curricula. X
- During the 1960s, the oriertation to the socially and educationally R
disadvantaged in society aodazpe resultant lack of political support for
program ‘or the talented contributed to a decl}pe of effort on behalf of | L
the tal d student in mathematics. Although the normal distribution
of taledt would lead one to concludé tiat there are as many talgntod
¢ individuals at the upper end of the continuum as low-ability individuals
g e g o
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at the other end,—significantly-more-money is being allocated for the low= . ;

ability student than for the talented. A developing concern was evident - o

]

. " . 3
in the 1970s that the talented are being ignored, although the .concern . .

"is not nearly so pervasive as that exhibited in the 1950s. The recent ' e
. . N

work of Stanley and his associates is one example of current and ié-awakenédY

- —-— «

interest in this segment of the studenF population. " The Study of Mathe- ~ -3} -

R oY .

ﬁatically'Pchocioﬁs Youth (SMPY), begun in 1971 at Johns Hopkins Univer- .

. N i
!

L
- ’ /1

sity'(Stanley; Keating, and Fox, 1974; Keating, 1976), has undertaken

the task of identifying exceptionally talented students in*“the vicinity. ' ‘ "! 8

{
N . ) ~/“
of the University and devising educational experiences that best meet the g {
/ ' .

student needs. They have found that ' extensive acceleration of such stu-

dents is effective in a number of instances. Grade skipping, part~time e ’
-.I - s T N '-%

r . LN
enrollment in college courses, supplementary classes, and early entrance . e \

\\ * -

T 'to college are some of the procedures used. Pacing; rather than'design- .

v L] -

ing special curriculum offerings, is thein,dongern. This work, based'ﬁéon R -

.
@ -

i " o
é§tensiye testing to identify the talented, does not focus on thé need - N .
- /

!

- of schools for programs for the talented. It works weIlJonly for those \\\\\ , .

schools that have convenient local access to ip&titutions of higher educa-

- ' v ' >
R tidn willing to provide opportunities and/or the staff for programs for “ o )
R | . <

these students. In addition, critical abstracts and analyses of the ' .

’ - . by

SMPY| research by a vatriety of maéhematics educatof§ indicated problems , J s
, I ’ “ . 4 '
with the research and -testing design (IME, 1977). ) . - e C e

. 1 " -y -

~ ~

o A steady increase in the number of students taking the .CEEB Level IIif ' =S

o
=
*

R

| [

fou, . Mathematics Achievement TQSti can be noted in 1965 through 1976 for stu- /. oo
. " o . v
dents with more than three years of experience in the four-year'seconda:y— ’ L

v } . . o
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e . . e |

. . . * . ) . / %
{ /
school.college-bound curriculum (with a corresponding decrease for the //

~ Level I test for students with three years or less in’ the college~bound .

. )

. _ curriculum) (Jones et al., 1977).. , .

./

This indicates that 'some of the/ﬁéeds of the upper third of mathe-
/ s ke

- matics studeats are being served, but the perception of lack of attentio

- to the needs of the exceptionally able is growing. Articles (e.g., Ho/se o

’ . o/
et al., 1977) focus ‘attention on the need to cultivate and nurture tyé
. R ’ |

L~ talented student as an important national resource. T

»
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_What' Goes On in Classrooms: HIGHLIGHTS

" -

eKnowleige of what goes on in schools is limited: few studies have

c, . .

deéctibed the actual'clas; situation. H0qever, 1t/appears that:
oAbproximately 267 6f the elementary—school/&ay is o
allocated to, mathematics, with the number of minutes o

increasing as grade level 1ncrease§// At the secondary-

wh
’

school level, approximately 200- 360 minutes per week
/ S e

o]

g are allocated to mathematics.,/ . s . -

oA large proportion ‘of time is taken up by non-instructional . . .
activities. . ' ‘ ’

eHow time is used may be of more importance than how ° \

1 [N

much time is available. Higher achievement is likely _ \k\\- "mj"

to result when more than half of the time is spént on o - o
. . . N

develcpmental activ1t1es. ) N

eClassrooms have changed little over the past 20 years, despite the"

innovations advocated. Predominant patterns <ontinue.to be: ’ . c.

’

einstruction with total-class groups

.

’ _ stell-and-show foiluwed by seatwork at the elementary- )

.school level, and homework-lecture-new homework at the

.
-

secondary-school level.*
s - s

euse of a single textbook but few other materials
o1t appears that no une mode of instruction can be concidered best,.
eMeaningful instruction prométes-achievement, retention, ‘ .

and transfér, all accepted .goals of instruction.

‘ -
./

-

eoTeachers believe that activity-oriented instruction should

. -
& 3 .
- . ,




2

"be used, but few actéa}ly use it.

eoFew variabies consisteﬁfly‘makg a difference in school performance.

-

eTéachers frequently do not differentiate instruction. They tend to

gear instruction to sk111§ already achigved by their students. |
QVaribu; means cap be Lsed to differentiate-1nstf@£tibn,
including grouping for specific needs. Howbver,_many teachers
" find it difficult to group for mathematics instruction.
eThere i; little evidence that self-paced programs for
individualized instruction are any more effective than
"traditional" instruction; most low-ability pupils f;nd

it difficult to function using self-paced programs. Such

programs cost much more than traditional instruction costs.

a

- oThe disadvantaged student can profit from special attention, but such

“~*students differ individually more -than as a group.

o'The needs of the talented are not being well-served in the 1970s.

Enrichment programs are especially needed for those 17 small schools.

e#Advanced Placement sérves the needs of those who are going to use -

mathematics better than the needs of those who are going to najor

in mathematics.. .
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E. How 1é Achievement Evaluated?

\

P \ -
‘Evaluation has prayed an important role in tﬁg determination of
) \

educational policy throughout the two~decade:period\beginning in 1955.
However, the.role of evalvation has shifted. Standardized tests have
historicaily provided a normative effect on éurricular content; now

evaluation _processes have become 1ncreasing1y 1nf1uentr?1 in determining

\

- curricular policy at the local school level. \ <
\v

.7 The period began with the Educational Testiﬁg Servige, following
¢ z

7
\ .
recommendations of the CEEB and the Commission on Mathematics, exerting

¢ >

B!
a major formative influence on the content of the curriculum for the
1

“

> college-bound.” CEEB conducted a st: :us study of the mathematics curriculum
3 . \

and issued the Report of the Cowmission on Mathematics (CEEB, 1959) with’

[

. : .

full realization of the dilemmas associated with having a major testing
o 1 \

service attempt to influence the curriculum through standardized testing

of prospective college students (Jones, 1970, p. 73; Osborne and Crosswhite,

] 1970, pp. 259-266).° Mathematicsleddgators such as Begle (1963, p. 137)
t 1 X ;
identified the impact of the CEEB actions as "the most important step" in

the curricular reform in mathematics of the late 1950<..
~ 6 1
| Evaluation within mathematics education in the 1950s-served to pro-
H - ‘ o v ‘l
. ] vide norms on curricular content; standardized tests were also 'used to
. . |

categorize students. Partly in reaction to the mandated’ evaluation re-

\
quired for ESEA projects and partly due to increased knowledge and so-

phistication of school personnel about evaluation techuiques,’ evaluation
has come to have a more significant role in decisicn processes for mathe-
matics education. Superintendents and school boards at the local level

and educational personnel at the regional, state, s"d natlonal level have

84
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become enamored with the ideas of accountability and verifying the worth

Kl

of both new and old curricular programs. The NACOML Report {(1975) docu—
ments the growing pains associated with the increased use of evaluation
at all levels. In particular, many of the misuses and consequenl issues

associated with testing programs in the schools are detailed. The power

“ 4 ~

that tests wield, both in terms of the placement of students in the schools
and what they can do after public schooiing is completed, is also rec-

ognized.

™~

In the 1970s, evaluation encompasses: ~ -

(1) Techniques: standardized testing, norm~referenced
testing, objective-referenced testing, and criterion- .
refercuced testing. s

(2) Processes for particular purposes: formative evalu-
ation, directed toward the redesign of curricular
and instructional programs, and summative evaluation,
the intent of which is to nrovide information con-
cerning the performance of established programs.

Most issues and problems as jciated with the evaluation of mathematics
programs arise from misuse of particular technigues or proceéses in
conjunétion with misiise of the information derived from them.
Increasingly, there is recognition that scorer from standardized
tests are misleading -- or are being used in a misinformed fashion.
Tests provide a means of softing students. presumably to aid in the

process of instruction. TIn addition, teachers and'public,alike appear

to believe théf/;he important outcomes of schooling can be adequately

°

appraised by achievenent tests. NN
¢
* In a positi.n paper, the National Council of Supervisors of Mathe-
maiics {(NCSM, 1977) attempts to influence this opinion:

Standardized tests have several limitations. including
the following




« a. Items are not necessarily generated to |
\ measure a specific objective or instruc- \ .
tional aim. R
b- The tests measure only a sample of the ' -
content that makes up a program; certain
outcomes are not measured at 211,
Because they do not supply sufficient information about .
how much mathematics & student knows, standardized tests .
are not the best instruments available for reporting ia-
dividual growth. Othér alternatives such as eriterion
tests or competency tests must be considered . . . There -
is also need for open-ended ansessments such as observa-
tions, interviews, and manipulative tasks to assess skills
® which paper and pencil tests do not measure adequately.

- §

The greatest chiage in testing over the past 20 years has been the
much-publicized concern for objective-referenced or criterion-refereaced

tests rather than norm-referenced tests. It has beer frequently roted,

- -

however, that: - . ’ .
. o
L
- Teacher-made tests are objective-referenced in that they
assess achievement on content and proceduras teachers

consider important. . e

- Norm-referenced tests are also tased on objectives cI
some type.

- Both norm-referenced and criterion-referenced tests have
a purpose —- the firct to .provide status information and
the second to provide learning .nd instruction infcormation.

Bloom's Taxonomy of Educational Objectives (Bloom, 1956; Krathwohl
et al., 1964) was in“luential in directing thinking about neede& evalu- ~
ation measures (as well as being useful in curriculvm constrvctionj.
Coqginuing interest is reflected in tle 1969 Yearbook of the National
Society for thé Study of édﬁcation (Begle, 1970) < in which two chapteré

focused on evaluation in mathematics inctruction; Bloon, Hastings, and

Madaus (1971) also provided ilYistrations of objectives, testing techniques,

and sample test items for mathemati:. evaluation.

86 ' .
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Several studies have. compared téxtboqks and instructional objectives
with test objectives (Smith, 1966;‘Bernabéi, 1?67; Gridley, 1971; Hoepfner,
1974). 1In general, they compared favorabl; on content involving com-
Pqtation with whole numbers, ffactions, and decimals at the elepentary;
school level, but fewer items oﬁ tests concerned geometry, measurement,
and other less "accepted" tdpiés. Gridley cautioned that the medning-
fulness cf the total score, as Wwell as the subtest scores, was questionable,
since frequently several skills or abilit.es were being measured by a

" Yconcepts,"

* gingle item. In other words, the distinction of ''computation,
and "problem solving” made on so many tests is often not based on an
accurate categovization of items.

The form of objectiv?s has previcusly been referred to obliqueiy.
In the 195Qs, instructional objectives were frequently very gener;i iz
nature: - "to teach addition with carrying" or "to understand algeﬁraic
equations."” 1In the 1960s, proponents of behavioral objectives were ad-
2mant: -they made it appear that until objectives were stated 1; a pre-
cise form, so that they could be measured, no meaning £+l inctruction .
could proceed. The debate over behavioral objectives flared repeatedly,
" with "opponents" pointing out that mathematics, which seemed so amenable
to statement in behavioral fofﬁ, actually needed many more objectives
than those which could be preciselxﬂmeasured, There was greater danger
of "measuring the trivial withﬂprecision," while ignoring the long-range
goals related to, for instance, "unaF“siandinéu"€

The orieﬁtatién to accountability and performanc; contracting at

the beginning of the 1970s accentuated the problems and issues surround-

ing the use of behavioral otjectives. Many of.the state assessments are

Q

]
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based on behaviorally stated objectives at the knowledge level, as are

. -

many curriculum guides. But the literature of the 1970s reflected less

cor.cern with the form ?nd~mqre concern with the intention of objectives.h

At all levels, frogp the public through and including professionals< s
' >
at the federal level, high expectations are held for evaluation. New

curriculum develovment projects and in-service education efforts in the
late 1950s could be undertaken with lictle concern for evaluation; today
avaluation is required and expecred. It encompasses broad-scale effofts,

s from the Natiqnal'Assessment of Educatjional Progress (NAEP) to the local.

o
school trying out new mathemetics laboratory centers in elementary-school

classrooms- The. intent is to use information from thHe evaluation as a

guide to tle expenditure of resourcns. As such, it is an expansion of .

° ’

' the role of evaluation in educaticnal decision-making.

-

.:J \

-»




Evaluation: HIGHLIGHTS

P .

-eThe scope and role of evaluation has been greatly expanded during the

P ' 1955 through 1975 period. Evaluation information is now expected-to

. * e

provide guidance'for programmatic decisions, whereds in 1955 the

primary use was in terms of standardized tests and decisiqps concerning

individual students.

o

=™ eStandardized tests have assumeu increasing importance. Recognition
. hY . N

N\

] ) ‘
that scores from tests. are being misused has also increased. Many:

N
»

people believe that the important outc.mes of schocling can be

.
: -

g adequately appraised Ly achievement tests. That this is a severe o 3
. \

limitation on instructional outcomes is being emphasized by many leaders.\\ ;'-

t’ N LT ,. - . AN
oTh.: great.st change in testing has been the increasing use of objective- v

.
N t

or criterion-referenced tests, as behavioral objectives were emphhsizedg \\\

Al

Ir the 1900s, behavioral objectives were an issue. The 1970s brought

. .

less concern for the fecrm of objeciives and renewed concern for their

a
-

intention-~.
eInstruc ional objectives and test items compare favorably on.content A
involving knowledge of computation, but not on content concerning

geometry, measurément, and oth2r topics. Insufficient attention has
_beea given to the testing of higher-order objectives (e.g., problem
. ° ’ 4
solving or analytic thought).

* ~ . |
|
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F. What Student Characteristics Influence Achievement?

° T

Sthdept characteristics .must be considered as curricula are desizned
q
and as a teacher plans for instruction. While many student character-

istics could be cbnsidered in this section, the discussion has been

o

limited ‘to five that have been of concern to teachers and to researchers

as potential factors 1nf1uenc1ng achievement:

-

eaptitude

oatt;tudes

eself concept «

esex d*ffeéences s

esocioeconomic status

° a o

Aptitude

3

\‘

. &

Most of the research indicates that aptitude, as meagured by in-

telligence tests, is highly correlated with mathematics achievement. This-

b

is hardly surprising, and one wonders why so much attention has been de-

voted to confirmiung the correlation between scores from intelligence

!

tests .and scorés. from mathematics tests, What mathematical abiiity
. ) - &
cBnsists of has been the focus of a smaller body of the research.

“

Feierabend (1960), -in a review of research on psychological factors

in mathematics education, compared 19 studies concerned with the relation-
. ;

o
3

shap of general intell%gence and special abilities in mathnematics. fShe

concluded that < 0
studies in this area appear to agree on the importance

_+ of a general intellectual factor for ability in mathematirs,
but the investigation of specific abilities is not con- '
clusive and the approach to this problem is perhaps not
as meaningful as it could be. . . . The question remains,




unanswered as to whether all persons of sufficient TR
. general intelligence have equal potential for mathe-
‘matics, or whether there may not exist some special
abiiities, factors, or conceptual approaches which
are specific.to the field of mathematics or perhaps: - -
to creativity in mathematics thinking. (p. 26)

Aiken (1971), in an analysis of studies reported after Feierabend's

.

T Pt

PO ”"review, supported her conjecture concerning the importance of special
[
\\ mathematical abilities, in addition to general intelligence, for achieve-
nent in mathematics. He found that "only about half the variance in

mathematjcal achievement can be accounted for by differences in abilities."

He 21z, suggested that such factors as language, sex, age, and heredity

need further study. Among other conclusions Aiken stated were: .
o .

. .~ There is some support for a broad group factor ,of !
\ mathematical ability, but generally it appears that » o
. mathematical ability, rather than being a unitary s,

. &, trait, consists of a number of factors. Ty
-'Individual differences in mathematical ability increase .
at successive age or grade leveis (the range may be as -
great as seven years). @

- Intra-individual changes in mathematical ability as .
a func.ion of age have been extensively explored by :
‘ Piaget. . :
- Such %‘ctors as prior experience and verbal ability
have béen related to mathematical abflity, in addition
to reasoning ability and spatial ability.

. - Most studies on agpitude—treatment interaction have d
not indicated that, for an individual having a par- -
ticular pattern of abilities, certain techniques of

iistruction are more effective than cthers. “

N 3

\ ' & & 5
Attitudes \ :

s

Many péopﬁé believe that mathematics 1s disliked by most students --

-~

or that it ispjust'ubout the least favorite school subject. But In the

~
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29% of the- %irls, and liked ‘least by 27%. of the boys and 29/ of the

©

'eledentary school

It is true that.in some surveys a,significant proportion

of pupils rated mathematics as the least liked of their

school subjects. But it is equally true that- in these Y
surveys {across time} approximately the same .proportion

of pupils (at least 20%) cited mathematics as the best -~ - ,
liked -or the second best liked school subject. (Suydam

and Weaver, 1970, p. 4)

hY

In a recent study by Erncst and others (1975, 1976), 1324 students

in grades 2 through 12 were asked to rank mathematics, English, science,
. C . §

and social studies.  Mathematics was liked best by 30% of the boys and

girls. A statement f;omgpne study (Yamamoto et al., 1969) on the a“ti-
tudes of 800 students,inﬁgrades 6 through 9 reflects the reactions of

-

even researchers when such a result is apparent: "Rather to our surprise,

mathematics fared quite well in studénts' ratings" (p.‘204). sTo change

such impressions has been identified as one of‘the needs ;E mathematics

[

education (e.g., NIE/NSF, 1977). - C ,
There is limited evidence (e.g., Dutton: 1968) that attitudes to-

ward mathematics were slightly more favorable in the 1960s than they were

-

in: the 19503. Several studies have attempted to analyze the reasons why

students like or dislike mathematics (e.g., Dutton and Blum, 1968

>

Callangn, 1971)./ They cite frJZtration with word problems{ possibilities

3 .

.of ‘making mistakes, too many rules, and “..ot being good" as reasons stu-

dents give for &isliking mathematics; reasons for liking it include the
soints. that working with numbers is fun and presents a c’r'lenge, mathe-
matics is logical, and there is need for mathematics in practical Iiving.

Suydam and Weaver (1970) reported that their review of research in-

dicated that "boys seem to prefer mathemattcs $lightly more “than do gigls,

.
%

- v M
. . ' . Y . /

-
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especially toward the upper elementary-school grades" (p. 4). 1In the

!
. -

recent study by Ernest and others (1975),, however, 2pthematics was._ the

only subject ‘in which no sex difference in preferen es was observed.
. * ' . AR
This may be evidence that attitudes are changing, but if there is a

difference in attitude toward mathematics by boys and girls, it can

probably be attributed in large part to a societally ._uduced expectation.

In two long-term studies involving data from the mid-1960s, Anttounen

(1968) found that mean attitude, scores declined between grades 5;6.9ng

-

grades 11-12, while Crosswhite (1972),“examining measures of attitude,\
_ O . self-concept, and anxiety aé?gae phase of the National Longitudinal Study

of Mathematical Abilities (NLSMA), reported that student attitudes toward

~

mathematics peaked near che beginning of junior high schools~ Aiken

(1970) concluded from his thorough’review of Eesearch that children's

attitudes appear to become *increasingly less positive ds they progress

- -

- through school; more recent studies continue to support this conclusion.

Mathematics educators and teachers believe that‘the affective -
*s - X
- component of 1earning is 1mpo;tant° if children are interested in and/

‘enjoy mathematics,pthey will -learn -it--better. " However,'research indi-

@ ° ° 7 cates that positive or negative attitudes toward mathematics appear to.
- » N ,\:
have only a slight causal influence on _how much mathematics is learned.

-~ ]

-

s PR S [ __._.__e—-“,ﬁ—.—,....c.

It has been noted, also, 'that achieving well in mathematics may have the .
effect of *making attitudes more positive. , )
2 : , ] . ’

. Suydam (19%}) summaqizeq results of 12 studies reported between

. . . . T X
1962 and 1973. When significant correlatgfné were found between attitude
. N * ko L T4 a

andﬂach}evement, they genpraily ranget;. between .20 and .40; that 4s,xho

.
H

more than 47 to 16Z_of.the variance in achievement could be accounted for |

L4




/ /’by attitudés.‘ There is,.however, a rough,balance between studies in'yhich

.l . . ) ’

no significant differences are reported énd those in which a significant

“ . LN

correlation was found. ,There 1s not, howevér, any differing pattern )
N b '

across the years.

.
. I

A] _\,
Teachers are widely beélieved to be prime deteJminers of a student's

— > , . \

PLS

attitude and performance.. Smith (l974); for'inst ce, reported that
- -t
students perceptions of teachers were significant y correlated with math- /

-

.

¢
/
.

/-
-ematical growth in grades 4 through 6. Rosenbloom et al (1966) found N\
that teaching effectiveness contributed signi'icantl to the attitude‘and

perceptions of pupils concerning their. teadhefh and'their methods, the«—.

s school, text materials (SMSQ), and the class as a group., However, keste:
" €1969) found that seventh graders' attitudes were not significantly /

. /
affected by teacher expectations. Perhaps thai. s good, considering that

o P -

Ernest et al (1975) found that, d@ a'¥all samplie of teachers (24 women

Iy

-t" 2

and-three‘men), Alz felt xhat boys did better in mathematicsg while no

Y -

( o
one felt that girls did better. , . o

¢

"It is also-believed that parents determine the, child's initial/
\ . s / v

’ ’ . - \ -
attitudes and affect their child's achiev?ment.__ggffenber%grfand ﬁorton

-

(1959) stated that attitude toward mathematics is a'cumulative phenomenon

caused Ly one experiencé building on'anotherfvaAttigudes, they believe,

,"N 4 . - . =

‘are developed in the home arid catgie&'to the school; self-concepts in .-

Due
egard to mathematical ability are well established in the early'school
. A -

-

years, ‘and it is difficult for even the best tedcher to cHange them.

- PN
.- -

Parents Iinfluence: the child by the1r expectancy leveI by their degree >

/ n 'i .. J e "&/ .'
- of engouragEment, and by theiv own attitudes toward™ mathematics. Many’ "?
. n

v N t

‘parents, ekpect above average woxk in general but are satisfied'with onlxl
“ . ';5,, T @/‘:




Pld
-’

-

L)

-

avegagé work in mathematics. Many students report that their parents .
- say, "i'm poor in math", and feel that this givesvthem‘sanction for being

poor students:

" Reviews of research-on attitudes (Aiken, 197Q§ 1972; kn%upp, 1973; :

-

. b i t .
Neate, 196%; Suydaw 1975; Suydam and Weaver, 1970, 1975) have confirmed 3
% ' .

) two-uther genaralizations: : }'

. | - -
" (1) Relatively definite attitudes -about mifhematiqs have \

been developed by the time children reach the 1ﬂter—

mediate grades (approximately age 9)/ T o

) 7 (2) There is no evidence that

-

the content or the curriculum ’ ] -l//

er se has particuléiiz_influenced attit~des. Evidence . '/'A’

I '

i- ’
- ) has frequently been ci qg\z;at students like a particular

course or program -~ but .co parative data (do they like
. : .

3 .
one course more than another simitar one) are nct fea-

4 g
sible to obtain. ) T,
] .
- Self-Concept ' ’ - .

How c?ildren feel about themselves and their concepts of themselves \

-

while doiné mathematics are important compcnents of the affective domain.

If’certain‘feelings are experienced over a\periéd of time, they can
‘ %

i v
lead to a particular self-image on the part of children, which can
4 .

- 1} H ;
influence yhat they expect of chemgelves and can affect their perform-

Y .

?

— ance. Some studies have explored facets of the, child's self-concept as
i :

it relates'to mathematics instruction and learning.

(I

s

- Self-~ oncept‘aad achievement in mathematics were found to be
",‘ ) significanily relatéd in studies b& Bachman (1969), Hayes {196%), i
S ’ 7 A_ //
- S o - S .
/ . 89 Jo _ . oo
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Koch' (1972) Messer (1972) Maore (1972), and Stillwell (1969) Moore

noted that, while it may be sconcluded that self—concepts and attitudes

u

toward mathematics "influence achievement in mathematics, it is also

~

reasonable to infer a recinrocal cause-effect relationship between these
= varjiables. ' T ’ o
, - ‘ ,f Correlationg between self—esteem achievement may'}e more positi&e
for girls than for boys. rimavera{et al. (I97ﬁ7*sﬁggested that’the

schoot plays a greater roie\in 9ffectipg girls self-esteem because it
! !

jmajor source of approval and praise for girls, whereas boys can
- g .- /

e approval through athletics and -other activities.
$

‘ L?l In a®st an equal number of studies, no significant re1ationship\
. bétween self-concept and achievement has been found (e g., Birr, 1969;

unter, 1974? Phelan, 1974 Zander, 1973).

H
/ ; \ [
= . R ,

Séx Differences

>

_ Among other student-echaracteristics of increasing concern during

2

__ ithe 1970s. is that of sex differences. When sex has .xen incorporated
as a factor in the design of a mathematies education study, there is a,
. . .
pattern'in the findings across grade levels. As reported in a.revivw

., by Fennema (1974): -
: No significant differences between boys' and girls'
___mathematics achievement were found {ir 38 studies
examined} before boys and girls entered elementary
J school or during early elementary years. In upper
} elementary'and early high school vears significant
differences were not always apparent, However,
when significant differences did appear they were
-more-apt to be in the boys' fayer when higher-level
cognitive tasks were being megsured and in the girls"':
favor when lower-levsl’ cognitive tasks were being
. ‘measured. No conclusiofi can. ‘be reached concerning
e ’ high school learmers. (xrom aostract, p. 113)

96
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9

Tﬂis confirms findings of other reviewers (e;g.; Suydam and Weaver, ,

1970, 1975). Data from the National Assessment of Educational Progress

. (NAEP) on mathematics also indicate that "neither sex has a clear advan-

tage in computational ability since results for males and females varied

ey

at the different age levels", (NAEP, 1975a, p. 35).
.Fennema and Sherman (1976) discussed variables hypothesized to be -

related to achievement of women in general and to mathematics learning
. . . . Q * -
and studying in 32£t1cular. They considered verbal -cbility, spatial ‘

visualization ability, confidence in learning mathematics, mathematics
as a male domain, attitude toward success in mathematics, perceived °
.attitudes of parents and teachers toward one as a leérner of mathematics,

usefulness of mathematics, and motivation. Four conclusioQ§ were drawn:

-

. (1) sex-related differences in mwathematics achievement are not universal, v

. . ) Pl . .

: () many fewer females than males study mathematics in eleventh and L
- ' ¢

- .

twelfth grades; (3) the relationsliip between cognitive faétors and ’

-

- . differential learning of mathematics by the sexes is unclear, and (4>

. . .

' differential mathematics study and achievement is at least partially : ST

0 Y N " :
\ caused - 7 socio-cultural factors mediat.:d through sex-role expectations.

3 Increased seiLyyping in maéhematics and science has been documented
by several researchers, and many have documented the fact that there are

'\ fewer and fewer women in mathematics as age level increases from j;nior
bigy school throuéh college. . N '

N . . c-—f~\.
Whether different provisions for instruction for malé%@gnd femgles

- should be made is another question entirely. Fox (1975) has.collecged
/ 1 & - z
evidence on this; it appears that even when special classes are provided

»

3 gy
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the attrition rate for females is high. Differences gz aptitude'and oY M -

.

. ‘ _ L. . I
achievement seem to vary more with individuals than by sex. Societal

.

e;pectations; which have changed dramatically in the past ten years in

-~

terms of women's-roles, as-yet seem to have little influence at the

* secondary-school level, where peer interrelationshipgs are so important.

oy ~
-~

Socioeconomic Stztus

.
v o
- m .

There has been so much wri;ten on the effect of socioeconomic

differences that it seems pointless to belabpr the poing here. IThe ¢

conclusion .of the Coleman Report (1966) has been Qidelf'bited: that,

in general, the public schools exert very_Iittle influence on the

"achievement of children independent of their own family background and

social context. When socioeconomic status has been incorporated as a

-
o

factor in designing mathematics education studies, students from high

~

s LV O
socioeconomic levels tend to achieve better tban studonts from low

.

saciﬁecénomlc levels-(e.g., see Dunkley, 1965; Johnson, 1970; Montague,

<

1964; NAEP, 1975a;-Passy, 1964; Unkel,fl966). When racial and ethnic

minorities have been considered specifically, the members of these

-

groups in general achieve as well as or less well tbah members of the

majority (white/Caucasian)Ngfoup: they rarely, achieve better (e.g.,

-

see Asbury, 1970; Casteneda, 1968; Centrohe, 1973). Data from the

National Assessment of Educational Progress (1975a) indicated that:
’ ~%
Blacks appeared to have difficulty with computations,
their pegformance being generally below that of the
nation as a whole. . . . The difference in performance

. . between Whites and Blacks was smallest at age 9 and “E '
) ble

increased for 13- and 17-year-olds, withvno.appfecia
change in relative performance between ages 13 and 17. .«

’

98

- ' 92

=,




<

When type of community has' been incorporated as a factor, students from ,

urban areas fend to achieve slightly better than do students from rural -

. . N . -
oo areas; finer distinctions are evident in the seven types of "‘communities

.

g '

assessed by NAEP (1975a).

« ™ Assessment data from various states parallel the Utah;(Ellison et

. —&
al., 1975) finding: soeioeconomic status was highly related to ‘mathe-
) matics achievement, with students from high—income neighborhoods gen— '_

erally having higher mathematical scores. Freda (1976), in his study of

244 California schools, reported that education of parents and income of -
-4

fathers were the two “irput characteristics most highly correlated

g

with'mathematics achievement.

. .In a reassessment of Coleman's data to consider comparative con-
-4 * * v

tributions of verbal, nonverbal, reading, mathematical, and general

informational achienement, Boardman et al., (1973) reported that bot:

the hone and the school were important for all_achievements, especially : -

el s

verbal and general informational. The explanatory variables considered,

- ‘- °

. Y . a
o however, appeared to be less important for mathematics than for other B

.
€ v

e . achievement.r Bredemeier (1967) also analyzed data fron Coleman and

—_— - U e (DR e
-, ”

. data from_Project Talent. ,The differential achievement of. secondary-
-

‘sc.nool students in mathematics had low correlations with any measured -

characteristics of the schools they attend, and only slightly higher

-
-

correlations with family background.
-:—‘~‘\Q - C:’ -

“ =
¢ .. In yet another reassessment of the data from Coleman and from Project
e ! .

-
-

‘Talent, Jencks and Brown”(l975)_reported some implications:

Some high schools are more effective than others in
raising test scores. Nevertheless, the gains are

never large relative to the variance of initial scores,’
and schcols that boost perférmance on one test are not
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.
.
« a
’
[~
«
.
'
»

especially likely to boost performance on other - ,
‘testsy Moreover, 'high-school characteristics

such as social composition, per-pupil expenditure, _
,teacher training, teacher experience, and class ¢

size had no consistent impact on cognitiye growth -

between ninth ané twelfth grades. . . . Our data . . 9
tell us nqthing about what methods might be most . -
effective. They tell us only that more money, L -
more graduate courses for teachers, smaller N
classes,’ socioeconomic desegregation, -and other - == =
traditional remedies are unlikely, to have much
- effect. (p. 321) -

They caution also that legislatures and sehool boards who want to
- . ' % » -

hold high schools 55cougtab1e for their students' acheivement should

=

be "extremely careful to specify the outcomes that reslly interest then" SR

(p. 321). |

N

To extend their point further, they state:

- So far as we can-discover, SES has no significant ' L
" effect on cognitive growth between ninth and twelfth
. grades . . . equalizing high-school quality cannot oo
v n . reduce the correlztion between SES and twelfth-grade - ) -

.scores. . . . ‘One would actually have to move high- ~
and low-SES students into the same communities and
neighborhoods to eliminate the source of inequality.
(p. 322 ££.) ~ . . .

° 2>

. . v '
Emphasis is given to another point whiqh deserves/considération:
" .Y . . ..high-school quality accounts for ‘only 1.0-to 3.% —— —
) . percent of the variance in twelfth-grade test scores, ~ “ e
&%0.2 to 2.4 percent of the variance in educational attain- - .
ment, and 2.5 to 4.8 percent of ‘the variance in occupa- : .
' tional status and career plans. This means that eyen - ' ©
*' ‘ if wé knew how to eliminate all disparities in high- \ .
. school quality, which we clearly do not{; we could re- . ’
- duce the standard deviations of these outcomes by only : -
" one or two'percent. (p. 32) '

& In a review of evaluations of compensatory education programs'qt
J/ natienal, state, local, and program levels, Stickney (1976) found 'very

little evidence that compensatory education has been able tc arrest
o e °

-

the aceumulative achievement deficit that exists between advantaged and
S

-~ -4 .

o R 160
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& ' ! .t ’ .
e , - " - ' 5 ’ -
e . disadvantaged pupils." He suggests that "as long as schools .remain ,
marginal institutions they are unlikely to compensate for environmentally .
. .determined differences in academic acheivement" (p. 2088). o .
- e e ) : . .
In short, the evidence seems to indicate that SES and achievement
. ' in mathematics .are correlaggd, but that the school has little hdpe of
I __K._'_,_.__,c_‘_,___ e e m m el e e L I S
narrowing the achievement differential between socioeconomic levels. .
' - ) - -'
~ L‘ * v
- - . ‘i . -
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_- Student Characteristics: HIGHLIGHTS

-eNet surprisingly, intelligence and mathematical achievement are

[4
.

‘highly correlated. L o

. .

oThere may be a general intelleccual factor rog ability in mathematics,

"but it is suggested that mathematical ability consists of a number of .

-

Prior experiences, verbal” ability, reasoning, and spatial’

" ability are related to mathematical ability. The role of language,
{ - ©

factors,

-

sex, age, and heredity need further studyi

eThe range of mathﬁmatics achievement .scores increases as ag

¢ .

oy
(

level increases.

-

<

4

¢

»
Q

9

L

e or grade

Y

hd

oAttitudES toward mathematics are generally positive in the elementary

school and appear to peak at 1pproximately age 12. .

o

> oWhife mathematics educators and teachers believe that attitude toward
mathematics is related to achievement in mathematics, there appears

» to ‘be no meaningful or sigﬁificant relationship between the two.

. ]

oWhether self-concept is significantly related to mathématics achieve-

- . . »
ment kas not bean defi'itively ascertained. . -

4

eSex~related differencesgare not universal across the factors related to

5mathematical ability; differences in aptitude and achievement vary more

with individuals than by sex.‘ . .

oGirls atd boys at the early elementary-school level

do not differ significantly in mathematical achieve-

ment. In upper elementary and early high-school years,

dffferences were not always apparent; when they did
- v .

i R N




- - ’ - .- - T s
. occur, théy were likely to.favor boys on high-
- o o : - :I .
level tasks and girls on computation. Tes .
o2 : eNo conclusions regarding sex differences -can be ) oo
. . . . ) . A
reached concerning secomdary students; fewer girls S :
. Y '
take matchematics, however. Socio-cultural factors Co. :
-~ - appear—to-pe—involved- _— e - - =
- . ' B . @ . ,
i . ® AR
) eSocioeconomic factors appear to account for much of the variance in
e - e v .
'»f_ : - mathematical achievement. - o e -
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) ) , ~‘/. ) ‘ ‘ « . . - ) e Ve
.-+ ., G/ What Use Is Made Sf Instructional Materials? Lo
¥ "As has been noted, textbooks, supplemented by workbooks and other

‘materials for seatwork or homework, are heavily relied upon in_ mathe-
matics teaching. But other types of materials are also, endorsed for

use in mathematics classrooms, for instance, the NCTM has- published a-

o , vearbookeand_several_supplementary publications which tried to focus

. N

attention beyond the textbook. .o ' ) T

o -~ e’
. . .‘
&

‘Textbooks and Other Print Materials
- ~ . ® '
. The textbook is the primary d?terminant of mathematical curricula

~

throughout schools in this countryy State curriculum guides present an

outline that can be filled in by use of a textbook; local guides resemble .

o
textbooks in scope and sequence. Over half the states_ have mandated

o -

textbnok adoption lists, with more states having multiple-text adoptions

‘than was observable 20 years ago. But within most classrooms, the'evi—

3

e dence indicates that a single textbook is used with. all students, rather ;

than referring to multiple textbooks or Varying text use by group ‘or in-.

"

o dividual needs. There appears ta be rather firm adherence to “covering

the material®™ iu the text, although sections which teachers do not con-—

?2

sider important (and which may not be included on standardized tests)

_may be ignored. Ele¢mentary-school geometry has suffered this fete. for

- ' .,

yeafs. That the textbook influences what is 1earned was supported, b§

Begle (1973), who reported that different patterns of achievement were

o

asaociated with the use of different textbooks. '

-4

In a report on an unpublished study of most-used instructional

‘materials, EPIE (1976a) stated: , :




x‘ Instructional materials, print and ndnprint, are used

materials; five comﬁanies accounted for the remainiﬁg five.’

2

e The ten most used materials in mathematics are clearly
traditional programs, all quite similar to each other O
A in terms of instructiohal degign. "They are also rraditional
= in terms of the way they were developed. . . . If we look
. at the first 32 mithematics materials listed, only one
. vprogram is the result of nontraditional development and
) this deveiopment was federally funded. This material is
rank-ordered 24th. Of the remaining 31 materials; at
best twoecould: be considered to have even a‘modicum of
an R&D base « + o built upon an empirical data base, as T
.opposed to - conyentional wisdom" . . . -(p. 1) -— ----

-

Among other highlights of the survey of 12,389 teachers, including

4 455 matﬁematics teachers (K—12), vere (EPIE, 19768)‘ >~

) - >
]

.during 90 to 95 per cent of all K-12 claﬁsroom instruc~*
tional*time. Schiools spend about 1 per cent of .their
budgets on these materials . (p. 1)

- Teachers tend to be unclear about'how good a "fit" there ,
may or may not be among their teaching, the materials they
are using, and the needs and abilities of their students .

- (p. 2) : ] N
: o . . 4
On the_lisf"Bf mathematics materials were 18 elementary and 14’

hnd - ¢ h s

secondaryA. Twelve.companies broduced the elementary qaterials,:with

none clearly dominating

.

-

. One company accounted for.9§of'the secondary

Sixty~two

per cent of the teachers said they would "willingly" use the same materials
. A\ s o

again. Y3 ) ‘_/‘\ .-

.
5 -

PRfﬁES, the Pennsylvania Retrieval of Information 3n Mathematics

Education System, has collected'some of the most extensive information
! .

on the contents‘of textbooks (Creswell and Berger, 1968). oGroups of ,

. ' \ .
teachers and mathematics educators, working with Department of. Education,

personnel, have since the mid-1960s developed a 1list of 300 content-

o -
®

related items for grades K-6, and analyzed textbook series in terms of-

These data are stored in a compu!er; a school staff can

105

‘that list.
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determine the content ‘and sequence they desire and compare‘their plan .-
¥, B o, . 0 r .
4 . with the analyses of the tethook Series, to_aid in selectinQ’a textbook
- A . N ’
) G .or combination of textbooks. ' '

. i Many textbook analyses have been reported, Spanning the years (e Bes

*

- , Buchalter, 1969 Burns, 1960, Clason, 1969 Dahle, 1970; Folsom, "1960;. -~

A Kahn, 1974’ Maura, 1957 Neatrour, 1969). Some points seem}especially

LN
. .
g
14 M °

relevant° -, . .

. ~

PO
- . 4
1

- Low-level .cognitive processes -- knowledge and comprehension -
are used far more frequently than hIgh-level 'processes. .

- : N . T

.= There is»considerable agreement on grade placement, sequence, )
: . and presentation of basic&tOpics. '

- . 3

* - There is wide variance in the total jnumber of concepts and " .
the am&int of space devoted to the various topics.'

e Relationships are found between textbook emphases and >
v ‘social or psychological trends.

4

-

o -

~ An emphasis on computational skill is'apparent. L . . . R

) .« - The ‘appeardnce of textbooks changed since 1955, with _ & ;J.
marketing considerations and appeal of obviously in- . . < o
creasing dmportance by the late 1960s. . e :
‘-~ At the elementary level, teachers' guides vaty with . "
> textbook series; most continue to provide' suggestions
~for.differentiating instruction. Such facets as the |,
- s ) form of stating objectives have changed across the 20
L years. o N e .
> e . \ it . <7 ~. ' -
s * - Seconuary-school teachers' guides have expanded-sinEe R R
1955, although most are not as extensive as ;those for ’
elementary-gchool teachers. -

b g L} - —

' Stevens (1966) found that, for elementary—school.textbooks published
o T . % .. ) ”
. between® 1955 and 1964, the total,vocabulagy load increased by more than
404, except for gfade 3. Hater and Kane ‘(1975),, Shaw (1967) Smith (1969), ‘. )

and others were similarly concerned with readability at various levels. .

This;has_led to some'textbooks and project materials being revised to

3
i

.
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wor - M

'

- -” prepare versions with more appropriate vocabdiary and reading leve]s. S

M N . . NS

Dooley (1959) studied 153 series of elementa y-school textbooks | « 5
- 4 MY . oL . - T

published between J900 and 1957, attempting to ascertain the.effect bf

-
-
- . . RN w s
e . P 0~
A Y

research on the content.and methods suggested in them. She found that R
o - ’ A , A
i

=

N v \‘
. . when’ recommeudations were "clear, concise, ‘and exact" they were iiicor-.
porated into many textbooks within five yeers.~ Since the late 19508, ) .

& - - PN

it hus taken some ideas a far shorter amount-of time to appear in the LA
/ . - - » S ',;

» Py . - a0 \\ . + Vo "

“. . majority.of textbooks. o ' 5'5 AR}

s
'! . ‘ A Y

14 & t.
. Brown'(l974) conductea an in-dépth study on the use of textbook BEESY

. 2- -, .
made by teachers and students in Geometry and Algebra 2. Very-heavy ot e N

. . - . . . D)

- .o
- . - L] - *s

dependence on the.textbook was found: B T

o ,‘ . Teachers followed the textbook very closely with =~ i . oo

. iegard ‘to content selection and sequencing. The . . Tt s
major objective of observed lessons tended tu be ° . <O, t

- completion of thé exercises presented at the end ' : ;

. ) of the section of the textbook under discussion. ~ . PO
o (b 5795) : ST T

- \ . * " 'S ’...

. .
. a L -

. . Teachers made little\use of special features, such as histoxical and B .

::<. oS l- . . «
bibliogtaphic information or enrichment exercises. They‘rarely presented . ‘
topics not in the textbook. Typically, they progressed through the text, PR

. . . — Y o R )
\\\_ section by section. Brown goncluded that, for the teachers and classes L

in the study, watnematics did not extend beyond that which was presented

R .
- in .the textbook: ''the subject was resolved into a.sterile sequence of . b )

homework/di cussion/new Hontework" (p. 5796) :

. s, . t . . . 7 ., . LN

’ ¢
» ” - . R

) Programmed Instruction R . b : ' C W T

Jrhrough the late 19503 and into the eatly 19608, progr&mmed~\N ">.~\

instruction'QPI), with or without a teaching machine, was consideréd’ai . f-. P
¢ /‘ .: :‘ . U

102 S




2 S

4

- ﬁent. “ " * ., ‘. ’ . N .

pauacea for educational problems. The wotk of Skinner and Pressey

-
rd
-

2
gave’ impetus to the use of small-ste“ increments and immediate feedback.

e 2 A

PI was used in wrany studies because it allowed the researcher to control

AN

the “teaching variables, ensuring that evéry student had the same treat- -

- ~

-- The foremost. claim for programmed instryction was that it would. . :”5

allow eaéh pupil to prog:ess at his or ‘het own rate. Some studiesSascer- )

- ; . . oo
tained.the‘feasibility of using programmed instruction to teach specific
4 . . . , s "

tontent. When compared with conventional instruction, the results were

-

equivocal (Suydam, 1972). It was evident that progirammed materials were_ .
most usefuI when used to s plement, rat.er than replace, the: teacher ;“' s
(Lackner, 1967) In his review, Zoll (1969) concluded:

It is not clear f*om these {35} studies that the-
strongest single claim’ for the use of programmed
instruction, that each individual learns at -his
- own rate, has.been supported. (pp. 107-108)
3

Bobier (196&) noted that low-achieving srudents of limired ability.were

-~

not suf‘iciently mot ivated to useé programmed textbooks independently. o
Eor many teachers, it betame apparent that programmed instruction was®

~ &

not a panacea. Most could probably agree with tt ' \nclusion'of Jamison,

Suppes, and-Wells (1974): L e .
. . « PI is generally as effective as TI {traditional
. ) instruction} and may resdlt in decreasing the amount
of time required for a studént to achieve specific
. ,educational goals. (p. 41) ¢ ‘

-

Neverrheless ‘f“aching machines from the 1950s gather dust, and

programmed.instruction is rarely discussed. However, it is actually ‘

b )

still appar’ht in computer~as§isted instruction programs and in seif-

A o1

‘prced “"individvalized {nstruction”" programs. : . .t

- » s v M . -




Manipulative and Other ‘Materials .

™

3 : In 1955, thé'primary-grade teacher was more likely to use
3 .

manipulative materials than teachers at other levels. Emphasis’onﬁthe

*

use of materials at all levels was emphasized in the 1960s. Yet the

pattern of 1955 continues iu 1977: the primary-grade teacher is still .

_most likely to use materials, and little use is reported at other

. °
+ - -

levels.

~ . It was not uncommon is 1955 for a teacher to make or collect inex- .

° * o
pensive instructional materials for use in the classroom The enactment

of NDEA in 1958 began the years of availaKility of federal (unds fo;,a

Yide variety of materials. Evidence from a range of sources indicates

% L3 1

_that this mohey was not always spent with frugality and extensive care.

<

in selecting apﬁf‘priate educational materials. Part of the reason for

this stemmed from the fact that money frequently became ‘available at ’ -

- - K <

short notite, "to be spent within. 30 days'; also; its use was not

accourited, for specifically. As budgets have tightened over the past . .
. b -“ -. ) N . . . ,
T sevéraloygars,‘teachegs have at times resorted to the plea of "unavail-

~

ability. of funds' to explain failure to use materials.

A review of~research on the use of materials in elementary school

‘ 7

mathematics (K-8) was conducted by Suydam and Higgins (1976, 1977).

They reported:

&

(1) 1in almost half of the considered studies, students -

having instruction in which manipulative materials

were used scored significantly higher on achieve~ o -
mént tests than students who had insfruction in
which manipulative materials were not .used. In
almost the same number of studies, ‘the two groups .
scored much the same; few instances were found in | . €
which the group not using materials scored higher.
Thus, lessons using manipulative materials have a -

"ay '
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¢ . .

. higher probability of producing greater mathe-
N matics’ achievement than do non-manipulative -~
’ lessons. . .

(2) OnIy 3 of 28 findings favored the use of symbols alone;

only one study favored pictorial treatments used ‘alone.

In 7 instances use of manipulative materials was favored

over sequences in which manipglativé,materiéls were not

used. In 9 instances, use of manipulative mdterials

and pictorial representations resulted in higher achieve-
b ment than use of symbols alone. The cencrete materials
e . thus appeared tg play an important role.

“\

**

(3) Research in which the number of embodiments for a
mathematical idea has been the focus resulted .in <
no significant differences in achievement in 3 of
4 studies, ’

(4) In three of 8 studies, manipulation of materials by
students was favored over having students watch the
teacher demonstrate with materials. In 4 other -

. . studies, no sigdfificant differences were found. It -

. A appears that individual manipulation by the learner ;

is not. the only way children learn: it can be effective g
to watch the teacher demonstrate. - o
N (5) Across a variety of mathematical topics, studies at every
grade level support the importance of the use of manipu-~
lative materials. Little evidence was found that manipu-
~ lative materials are efféctive only at lower grade levels.

+(6) The use of materials appears to be as effective at one
achievement level as at another -- that is, ligh achievers
< profit from the use of materials as much as low achievers.
©

* ’ (7) The use of materials appears to be as effective at one .
‘ ability level as at another -- that is, those’of high
ability profit from the use of materiais as much as those
of low ability do. * . '

(8) Although the data are sparsé, the use of materials appears
.to be at least 'as effective at one socioeconomic level as
at another. . :

Yo
- \

R Thﬁéextent to wﬁfch materials are ‘used has\been considered in
- -~ : . ‘ . - )
urveys. Johnston (1562) found that few teachers in grades 1-

several
- used any material other than the textbook. Green (1970) reported that

-

first-grade teachers used more materials and -used materials more frequently

LY

110"‘ P
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fhan sixth-grade teachers. Haladyna (1975), in a study with 4400 Oregén

. teachers, also found that with <

the use .of manipulatives the tendency was for moderate

to frequent use in the primary grades to a minimal use

at the intermediate, high school, and junior high school

levels. (p. 8) i

In another report on Oregon projects which Focused on various materials, - -
N
. . '/ ‘
. Thomas (1975b) found that in na instance werge either manipulative mate-
. : T Y - ’

¢ ¢

rials or games the basis of a siéqifican%;bercéntage of programs.

. 7 - - . ‘
5 However, teachers' attitudes toward the use of both was very positive;

. . . -

the use of manipulative materials was not favordbly viewed by students,
however. . .
L ) 1 v

o : . The Developing Mathematical Processes program develop;d at the

R&D center at the University of Wisconsin-Madison 1ntegrafé§ a variet&

-]
. of materials in its measurement-oriented approach. Necessary materials

are available in kits; nevertheless, mgﬁy teachers do not make use of

i

N ghem. The same response shows up in connection with materials provided’

with a-variety of other programs. ° ° . .

e

The NACOME Report (1975) indicated that

*

o ) :
' in spite of the recent publicity and emphasis it
is'not at all clear fhat manipulative materials
- are widely used. For instance, 37 percent of the
elementary school teachers in the NCTM survey had o
never used the mathematics laboratory, and.ten
percent had never used manipulative materials at

v _ all (in grades 2 and 5). (pp. 62-63)
The research evidence lends support to the belief that additional means
must be found to encourage teachers to use materials. But the literature

contains many references 1ndiéat1ng that it is also necessary to consider

X, ¢ . .
carefully what, when, how, why, and by whom the material will be used. ’
1i1 . co"
< LA }.
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Schoen (1977), in his review éf research on self-paced ingtruction,

~ -

: K confirmed this:

-

There is.consistent evidence that the use of
various media and supplementary teaching .
materials 'increased the effectiveness of SPI. oL e
> There is also consistent evidence that media . ’
and materials in a typical SPI program have ton -
' been restricted to printed audio materials.
In addition, the various media and supple-
mentary materials often have not been used,

;. even when available. (p. 213)

A

o There is relatively little evidence on the amount of use of various

audiovisual devices. Generally, they are collectively studied as one’

of a variety of instructional materials. Many reports indicate the o

1]

availabilitz of equipment for using films, film lodps, filmstrips, c,
i“ television, overhead projectiles, and the iike, ‘but their actual use

\
is not yet an everyday occurrence.

-
LY

. Computer-Aided Instruction * . :

“In 1955, schools and computers wete—separated_entitiesf availa-

‘ bility and cost prohibited their merger. In the early 1960s, however, Ny %

s some scho;ls bouént or leased conputers or computer time,vusually first . %
J for‘administrative purposes, and inevitably, after .a tinet'for math;—. . . .,

matics instruction. The Dartmouth model, funded by NSF, has been ex- “\ rtf

tensively copied. . . . i . %

Three modes of computer use have evolved:

(1) computer-aided: non-tutorial, prd%lemesolving aid : e

' -(2) computer-assisted: tutorial instruction with the
computér taking a teacher's role R SR

. sequenced, and/or monitored for students, with the

|
(3) computer-managed: courses of study are developed, i
computer storing information. .

1
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-

Two large-scale national surveys (Darby et al., 1970; Bukoski and
Korotkin, 1976).of computing activities have been conducted by the
American Institutes fcr Research. A stratified random sample ofFQSZ
of the se;qndary schools was selected for the second study, plus a sample
of the schools participeting in the 1970 stddy; responses vere received

from 3,643. Since 1970, the fraction of secondarf schools reporting

some computing activity has steadily incpéased, from 34.4% in 1970 to

s -
58.2% in 1975, Mathematics classes used the computer most frequently, .
a}th&ugh the percentage dropped frbm'46.7% to 43.2%.
‘> The researchers Q;ojecied:

Though the continued growth of computer-based education
seems assured, the specific’ future of instructional
+ computing is uncleég Based upon the growth over the

last, five years (1970-1975), it is* projected that

within the next decade the majority of secondary

schools in the country'will have some type of instruc-‘*

tional computer-based application. . . it is probable

that computer science and problem solving will remain
¢_ prominent instructional applications through the

next decade . . . (Buko§k1 and Korotkin, 1976, p. 50)

Despite the growth in copputing.é&tivities, tﬁey indicated that the; .

relative costs remained virtually the same. . )
W - ? . ’
Among the other studies on the extent of computer use is one by,

Buchman (1969), who found that in 1967-68 only 57 of New York secondagy
schools had computer access for- mathematics classes- only 13% had

desk calculators. Rudolph (1972) found that one-third of the 647 Illinois

secondary schools she surveyéﬁsised computexs, with S8 of these using

- computers for both instruction and administration, and only 5% solely

for instruction. Preblem solving in mathematics and science, and data
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processing, accounte& for over 807 of the time. Bishop {1971) reported

.

" that 30% of the secondary schools in the Missouri region offered tech-
nically oriented computer~related courses in their mathematice curriculum;

’ 20% used computer time for enriching and supporting courses.

<
-

Moran (1974) reviewed current practices and trends. He noted that

w0

time~sharing has grown in importance; however, the minicomputer and -

P

. programmable calculators have had and will continue to have an impact on

school use of computing power.

* : studies on the effectiveness of the use of computers were reviewed

- . by Kieren- (1973) and by Hatfield (1973)x In general, the results are
' ; \
’equivocal higher general achievement is not a foregone outqeme of the’
o | A
* use of computers, tut it does aid in promoting problem-solving achieve—

+

- mentu Batch processing appeared to be at least as effective as having

., fe

© e ———

direct computer acceds: ‘the important factor may be experience,in writing

b ]

4

. programs rather than the time it takes to receive computer solutions.
. X . 5 : z
: - .

Jamicon, Suppes, and Wells (1974), surveying some studies using,
. - K . \ . .

mathematics content, stated:

LS

v . . . no uniform conclusions. can be drawn
about the effectiveness of CAI. At the elementary-

school level, CAI is apparently effective as a _ R
. supplement to regular instruction . . . At the ) -
secondary-school level, a conservative conclusion
N is that CAI is about as effective as.TI when it is -
7 used .as a replacement. It may also result in
) g _ substantial savings of student time in some ‘cases:
sl (p.. 55) . : Ce

7

Vinsonhaler and Boss'(1972) reviéwed seven major studies on drill

and practice programs using CAT. They indicated that higner achieve-"

! ‘ Y P el S
ment could be anticipated when CAI was used to augment’ regular instruction.

kY
-

They noted that ' s ’ .
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There are indications that the effects obtained with
CAI might- be obtained through less expensive means. .
For example, one of the studies reportéd by Suppes ) -
and Morningstar (1969) suggests that an additional
. . 30’ minutes of ordinary classroom drill and practice

e can accomplish the same results as a 15-minute CAI

- T program. (p. 31). ¢

In a studf concernedrwith students'- reactions, Hess and Tenezakis -

¢

(1973) reported that students who had used(a remedial drill-and—practice

program in basic, arithmetic for one or two years regarded the computef

i TN % "“Q
in more positive terms than the teacher did. yonagAlﬁgtudents also re-
. ~ * ) * ) N i h \"‘\.
. garded the computer. significantly more favorably: they had a IEss\\‘\
5 ~ . . ) .. M ' N T B T
’ favorable image of the teacher than did the CAI group. .For both, CAI . ——

13 v

' students and non~CAL students, the computer had a more favorable image

Pr s ’,

> o i
- than did either the teacher or textbooks.’ - -~
% s ' o
e " Calculstors e

The hand-held calculator has been jon the market since the early

1970s In 1975, the cost of ca1cu1ators dropped sharply, and as a result

A

"for millions of people, everyday arithmetic will never "be the same"
(McWhorter, 1967) Desk calculators had been used in some secondary-
. school mathematics classrooms before ‘1955, but their use was largely

restricted to low achievers, and they generated little excitement,

Having calculators readily available for each and every child'changéd
. . 2 . .

the story. - ) .
N N 1]
A position statement of the NCTM (1974) reflects the immediate °

. . -

- e . R
concern of;mathematicslleaders: ’ - .

-

. v . Mathematics teachers should recognize the ’ i ;
- potential contribution of this calculator as a
v - valuable instructional aid.  1In the classroom,

L e 115
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the mini-calculatoc should be used in imaginative,

‘ways to’ reinforce learning and to motivate the
_ learner as he becom2s proficient in mathcmatics.

thher groups throughout the'countrf also recognized the potential of the

calculator. The NACOME Report (1975).severely.questioned the strong ¢4

~ o

trend te emphasize computation; the case for decreasing emphasis on

A

manipulative skills was seen as stronger than ever before because of

v -

:he impending’ universal availability of calculators. T2y noted that

- many low-achieving students have been condemned s -
S . to a succession of general mathematics courses that . ’
> begin with and seldom progress ®beyond- drill in ‘ .
o arithmetic skills. Providing these students‘with . -
> calculators has the potential to open a rich new . |

supply of important mathematical ideas for. 'these
students ., . . at the same time breaking down .

' self-defeating negative attitudes acquired .through . A
years of arithmetic fcilure. (pp. 41~42). R

ThereforE\\they recommended use of calculators "beginning‘no later .than

>y
s

——

14

the. end of the eighth grade", with the student permitted to use the cal-
\

\ :
culator during all mathematical work‘ineluding tests. The development of.
‘ \
,instructional materials and curricular revision or reorganizatign\tin

T—
light of the increasing significance of computers and calculators were

also recommended. . i . . : '

The Euclid Conference (NIE, 1975) participants also indicated con-
cern with the effect of calculators on the curriculum, stressing the need
for developing new sequences of instruction. The National Scienqe .
Foundation,‘concerned about the “petential impact of the calculator, Funded

a critical analysis (Suydar, 1976). All existing literature was studied

and a survey conducted to’ascertain the arguments for and~against use of

- .
»

calculators and the .ways in which calculators should be used. 'Frequently'

L L6 -
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N o L]

cited reasons for using calculators included: aid in computation; fa-
cilitation of understanding and concept development; lessening of thé

need for memorization, help in problem solving; motivation; aid in ex-

L d

: ploring, understanding, and learning algorithmic processes - and the
fact that they exist, and are appearing in_the hands of increasing

. numbers of students.

The ‘most frequently cited reasons for not using calculators ‘were
that: they could be used as substitutes for developing computational

.
KN

3

skills, they ‘are not available_ to all, d tney may give a false im~
pression of what mathematics is. an

The firgt concern was expressed most .

> X - "

frequently by parents and\other members of 'the public; few educators,‘
however, believed that children should use calculators in place of

lgarning basic mathematical skills.

-

] ¢ -

Analysis of the studies published Up to August‘l977—3n~which

calculator and non-calculator groups were,compared indicates that, of

40 findings, in 19 instances the calculator group achieved significantly

group.

v

"

-

<

.

stances was achievement significantly higher for the non-calculator

»

~

“No significant differences were found in 18 studies, in only ‘three in-

o 2 higher on paper—and—pencil tests (with which the calculator was not used)

L4

v

[

A

A conference on the uses of hand-held calculators. in education was

<

.

N

\\\\\:eld in, June 1976 by NIE and NSP» to produce a planning document ''that

111 provide a well-defined framework for future research and development

(‘

effo The participanxs “noted:

' 5_\ L
+ . These small, portable, and inexpensive machines
have the potential for replacing the paper and

., * pencil calculations that have been the major (and

ts" (NIE/NSF, 1977)

-

~“ ¢ o' . . N e 11’? . ' .- A
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often the sole) component of elementary school S

arithmetic. (p. 2) . . B + .

Educators are faced with a dilemma. Their ex~

. periencé and instincts tell them to research, _r ’

" test,”and proceed with caution. Yet calculator ,

technology is progressing rapidly, and marketing

pressures are great. The evolutionary pace LT,

- traditionally. associated with curriculum change

.- __is too slow to fit the present situation. (p. 3) ~
: . L

The confeLence report summarizes &;scnssion about many dspects of

I

present-day school’mathematics, 4nd the opportunities and dangers pre-
sented by calculators. The recommendations that~emeréed from those disy ;«

cussions called for,the establishment of an information collection zmd

= N . . . ’ ~w
.

ﬂissemination‘center, surveys of existing materials and practices, both

short-term and long-term’curriculum development with related research,

.

andcteacher-training ‘efforts.

t e

~
P

A Calculator Information Center was established by NIE in early

*{

~%

1977, supplementiftg continuing efforts by the NCTM. Both -are involyed <

in the task of-collecting and'disseminating information'to and from

>

schools “as more ahd more. teachers incorporate calculators in the terching
i

of mathematics. Requests for proposals exploring calculator use were
e )
'igsued in 1977 by ‘both NSF and NIE,,beginning the task of reséarch and -
‘ . \ . N

curriculum'development . . P L

-

) . - .
How extensively the calculator will influenée the'mathematics M
currioulun is uncleaf. Conflict is obvious between thoge who see compu-

a

tational skills as the»most vital task' for mathematics teachers.and those
who 'see the calculator. dllowing a.change in direction = 8 change fea- - -
sible for the first time in history In the past‘three years, opinions

have changed, and the calculator is being used with increazing freouency;
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. .

-

O

ERIC’

s

© . \
but the curriculum has not changed noticeably.
Mg * ) ) ° .
Other technological developments are on the near horizeon.. The .
v dividing line between calculators and computers is alresu.y tenuous;
; . r A
: » _existing calculators have the computing power of computers of twenty
- '?,m_ .
L’ years ago. Interaction between student and machine will be increasingly
¢ «
' > feasible. - : .
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Instructional Materials: HIGHLIGHTS -

rd Ky
eThe textbook is the primary determinant of mathematics curricula, and

‘
L 4

-

many teachers use no instructional materials except the textbook and.
Ix .

the chalkboard .

-

QAbout ‘half the states have mandated textbook adopti?n lists, with more L ]

listing multiple texts; however, a single text, is used in most classrooms. L

- eWhile there is variance across'textbooks at the elementaryrschool .

.

level the basic components of the curriculum have become standardized

- - z -

so that the variance is largely in terms of amouynt of space allocated

Py

to a topic, approach, and design. At the: secondary-school level wider .

~ .
. .
variance is obvious as the type of. course varies. @ o 2

. oTéachers tend to follow the textbook closeiy with regard to content

or ignhore components .

v

selection and sequencing, though they may skip.
. f )

L d

which they do'not consider essential. o .
b -

1"““~—~—*ml.Readability has been of speciﬁic concern for at least ten ye

—_—
axs.

.Use of programmed instruction may save time "in achieving specific goals,
but it is unclear whether pupils actually progress~at individual rates.. _ "
Use of manipulative materials decreases as grade level increases; how- h

ever use of such materials appears to be effective_with certain content

N ’
- - o
N v

at all age levels and “with all types of;children. x

Ky "

0Computers are used more widely <in mathematics classep than in any cher
classes, although the percentage of use for mathematics declined slightly

hetween—l969 and 1974. The problem-solving ‘mode was most widely used, o . -

S

followed by simulation and then tutorial CAI. ‘ .

'. . - . - . ;
i _— < |
:l;g() ;o A
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@The hand-held calculator has the potential to change the turricular N \
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focus on computat%én. Both short— %4nd long~term research and cérric-
N i .

Iy

s ulum development need to be undertaken, in addition to teacher-training
efforts.
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H. What Is'the'Cost of Instruction? . R ) .

-

LA 4

3 *

o It is virtually impossible t5 ascertain the actual amount of money
8 b N N ¢
e, '/// spent for education -~ different baseS‘are used 4nd figures cited in one B 7
o .. oy e " . . =
g report differ‘from those in anotKer. The amounts allocated by the federal .

1
.

v government would seem to be easiest to, ascertain - but alas, the figures

.

N TS ' 0
are reportednin such a variety of ways that the services of many account:

6
' " ants could probably be engaged for years to sort things out. The NIE ' " L
doc ment prepared by Nelson et al. (1977) illust;ates the;dilemma. ‘ .
“‘ > ‘\ . . A A . . *
- They report" . e - : o
N - Tt 1is ‘ifpossible to .state the precise total spent o
: ","s« . oneducational R&Q in the U.S. Analysis is ham- . -
-, - ‘pered by a lack of data series needed for such an T
T -, estimate, conceptua incompatibilities in the def- . -
.. 1nitions of existing séries .. ., and differeices T »
i - . ™ in the range of functinns recognized ‘e o o Such | L
S . *, - - ambiguities are compounded by differing reporting : -
y - L procedures .. (p. 15) o Y ’
- . - Thus NSF, OMB, and«NIE, for instance, all pr&duce lata which are . J
. difficult (f not impossible) to correlafe, Most of the statements g
. ¢ which follow will be made in general terms. therefore, an interpretation
. . ). - )
. »e of what the data seem to indicate is given. \ . Lon )
. There is little doubt that. ooth tae costs of ins*ruction and the ) : .
NS * £ v ' > : .
" amOunts allocated to instructionahave increased since 1955, over and )
—- . . ’~ -
. above the inflatron rate. . ", [ " E S .
\ : T Each av"ual survey f the Gost .of Educatipn Index* ‘ . ' .
) ~ based on a sampling of approximately 1,200 school : : oL T
" : .~ districts of various sizes and ocations,reflected ’ . A
LT record spending, increasing year .by year from 1958 , s .ot
. . T - to 1972. "(Mortison, 1973) T, . e
-‘ - \ - .-;\ & . ’ Q i
f . . NCES data indicate that total spending by state andxlncai governments )
. . . 1\-_.. “
. for'education roée from about $24., billion in 1962-63 to $65 billion in




Ld
\'f.‘ .

1971-72 $70 billion the following year,,and $72 billion in 1973-74.

' éi" During the decade 1962-72, ecucation was consistently the largest item

i

. in~ ‘the budgets of state and local governments, accounting for 37 to 39 .

percent of their budgets (NCES, 1975 1976)

&
-

- o - The Gross National Product Indeﬁprose from approxinately $285

’ ; “billion in 1950 to $504 billion in 1960 to $977 billion im 1970' the

e
- . :
A 1

percentage spent for education also rose, from 3.4% to 5 32 to 7. 72. - l

- . «
b N

r"“ - . Yet the anount spent for all research and developnentlin education may

- »~f~**"“ne'aa_low'aa lx'of the total:'compared)with other enterprises, educ;- . : ; o
- tion spends-a relatively limiézd’;;ognt for such efforts.‘ :
= " ’ ‘. The aueraée:per-pnpil cost of instruction has risen; iron a number . .

of references in various sources it aggears thst'

. A - in 1955 the range was ftom less than $100 to.about

= $200 - -

. * - in 1965, the range was from $300 to $850, with an - ‘
- © [ ~average of $500 ($455 in 1957 dollars) . . .

. - in 1973, the average was approximately $1200 ($766
\ in 1957 dolIars) N

: - in 1976-77 the range vas approximately $1000" to $3000,
: with an average of about $1450 ($793 in 1957 dollars) .

<
Some states spend less than 1% of personal income on education; otnggs

,spend over 5%. Unfortunately, tﬁe states with less total income are e
"likely to be the same states that spend less pfoportionately.
. p : .
It is obvious thdt funds for education come frgr'four socurces -- - .

‘local, state, and federal governments and, to a anall extent, private

~
. .

. funding. But the smount of these funds devoted ‘to mathematics instruc-

-~

. - p . .,
+. + tion is obscire. Perusal of document after document yielded largely

aggregate figures, or amounts for reading and arithmetic: the few precise

-

. lz3 .
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_— _ tion of funds that could be counted as devoted to

Cne

e programs including

S 118 -

amounts are relativély'hedningiess isles in the 'sea of data.

A rough estimate appears to be the most feasible figure to use.

- -y ~

Dexter Magers, Mathematics Counsultant at the U.S. Office of Education,

provided the data typed as Table 7, and indicated: . :
!

I have talked to
. amined some of the dunual reports for several other
. Based on these sources it..

appears that 20% is a good estimate of the propor-

_mathematics instruction from thése sources. . . .
{However}, since most of the Federal programs are
targeted on groups of persons rather than subject
matter areas, I suggest you use 18% of the amounts
in column 3 of the table. (letter, 25 May 1971)

B

TABLE 7

REVENUE RECEIPTS R
OF PUBLIC ELEMENTARY AND SECONDARY SCHOOLS
FROM FEDERAL, STATE AND LOCQL SOURCES vl
* . (Portian of table with daéa from - .
National Center for Education Statistics)

-

-

Local (includivg

"School year Total ' Faderal State intermediate)
1 .o 2 3 4 5
____ AMOUNT IN THOUSANDS OF DOLLARS : .

1955-56 . . . 9,686,677 441,442 3,828,886 . 5,416,350 ° '
1957-58 . . . 12,181,513 486,484 4,800,368 - 6,894,661

1959-60%. . .- 14,746,618 651,639  5,768,047.. 3,326,932

° n ’ *
1961-62 . .°. 17,527,707 760,975 6,789,190 9,977,542

1963-64 . . . 20,544,182 896,956 - 8,078,014 11,569,213

- 1965-66~ . . 25,356,858 1,996,954 9,920,219 13,439,686
°1967-68 . . . 31,903,064 2,806,469 . 12,275,536 16,821,063

R

. o 12g
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" "\/ T~
D) ) . /_/.—\ 5 ; \‘\ — ~
- { -
- L * - . .
N . TABLE 7 (continued)

. 1969-70 . . . 40,266,923 .3,219,557 16,062,776 20,984,589

b .

771971-72 “oed 50,003,645 4,467,969 19,133,256 26,402,420

" -
1973-74 .. . . 58,230,892 4,930,351 . 24,113,409 29,187,132

~ 1975-76 5,346,000 s . .
J _ " (est.) , A

¢

Using 18% as the estimate, it appears that xﬁe amount of federal,

funding which might have been directed toward mathematics education

. -

might-be:, .. . :
s . direct . converted to- o
o _ percentage *° 1957 -dollars
1955-56 $ 79,460,000 $ 79,460,000
_ ; ‘ 1957-58 87,567,000 . 89,405,000 .
: 1959-60 - 117,295,000 115,536,000
' 1961-62 136,976,000 . 131,497,000
! 196364 161,452,000 . 151,281,000 3
1965-66 .359,452,000 327,101,000
1967-68 505,164,000 434,441,000 . : ‘
-1969-70 . 579,520,000 "453,764,000 )
1971-72 804,234,000 - 570,201,000
1973-74 887,463,000 574,189,000
1975-76 962,280,000 *532,140,000 ' )

- *

It Shbuld be reemphasized that these data are estimates, and possibly

-3

only. of the amount that should be spent on mathematics education. (Earlier
+ it was noted that 20% was the estimate f?r the amount of time spent on

IS

" mathematics instruction, so the estimates could be approbriaté.) But

-

there is no way to determine how much money has actually been spent on
-~ N - - <
mathematics instruction, either with or without federal funding. .
The federal sources of.funds for elementarﬁf and secondary-school

mathematics’ have come largely from the National Defense Education Act, -

Title III (1958) and the Elementary and Secondary Education Act, Titles.

Ilr o N \
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I ahd IIT (1965) and Title IV (1974), both aduinistered by the U.S.

. Office of Education, and from education—specific funds of the National - .
PR \ . . .

-Science Foundation. Other federal legislation, including other titles

et \ »

of NDEA and ESEA, the Office of Economic Opportunity, and School Assist-

anc ﬁor Federally Affected Areas AFA) have also provided funds which

may have been used-for mathematics instruction, Ginsburg and Killalea

\ * .

(1975) reported that funds from. the major program areas reached ‘their
\ . - “
. intended»audiences' that is, ESEA Title T funds went to districts with .

& A T
lower family income, SAFA funds went to distric®s with low tax bases

»

. because of parents employed by or living on federal installations, and

-

State Discretionary Federal grants went more heavily to urban districts
| b \

-in\more prban regions and rural places in more rural regions. No assess-—

.. - “ !

ment -of whether any subject area’was affected was made, however.

- N . °

In a report on the use of.Title I funds By'the Buféau of Indian . s

L . ]
Affairs in New Mexico, Ramey and Sileo (1975) reportedfthat 3.5% of the ,

o

more than ($7.9 million &llocated in 1973-74 were spent for mathematics.

- T It is also interestiné to note that gains in language arts, which ac-

- counted fo 80% of the funded projects in the state, were 7 months; gain

' for mathematics was 1.1 years.

\ . R
. In other states, the monies expended for compensatory education

i . v

were also eemed successfully spent. In Michigan, for instance, more

' than half the students in federally funded projects gained one month,

i

in achieve ent score per montl in ‘the program (which presumably was

greater tha could have been expected) 284 gained 2007 and 127 gained

*

3007 -- that is, $ Months gain for each month‘in the program. JIn this

case, however, gains were greater in reading than in mathematics.
- -’

12¢
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* .-Cost Effectiveness : s

- If it is difficult to determine how much money was aotually spent *

for mathematics instruction, then it follows that it is difficult to
determine cost-effettiveness. We shall report selected studles that °

-

1

pertdin. to the question.

L4

- . ©  Generally, the few studies conducted before 1960 (e. g., Furno, 1956)°

involved ‘rather nebulous "quality indicators" and uninteggpetable

v

B ' correlations. Nevertheless, gﬁé conclusions usually indicated that the

.
¢

amount of money spent influenced achievement. Findings are not specific
to mathematics instruction, howéyer. . , 2 ’

v . Stock (1974) reported that ' ‘ . B

-

More recent studies in the Sixties, published conflicting
findings regarding the impact of expenditure levels upon
R achievement , "quality", or other education program charac- i
teristics. (p. 26) . : ‘ )

- He cited three studies from the 19603 in which expenditurescwere related
to quality or aohieuement, and six studies in which no.telationshlp
‘-: ~ was found. Among the latter was the gtudy involving 645,000 students ”
in grades 3;‘6, 9, and 12 directed byncoleman (1966). Achievement measures

snd statistical procedures have been questioned by many, but the Coleman
. Loy 3

[N,

o . ! . ‘ .

Report documents the case ﬁfr/those who believe that per-pupil expenditure
{ ;
EY

< P
i .

> - shows "virtually no relation\to achiévement if the 'social' environment :

~

of the.-school ~- the educatiéngl baekgrounds‘of othet students and - . -

-

<  teachers -- is held constant."

.
y . hd

-, ‘ ’ Results from studies in”the Iate 1960s and l9i03 fail to indicate ' .

~

that expenditure and achievement are highly cotrelated. For. example:
- Data from the Missouri Assessment (1971) indicated that

?‘ ’ C . the amount of money spent per student was, not'related to
achievement.

, - 12y | )

Q 121-




E

b ° e
X - In the Oregon (1976) progress assessment, district per- ak
D : pupil expenditure€ revealed: little or no signiricant
C- difference in performance. . s o
. $' - Stock (1974) found that school districts in Ohio,in 1971~
. 72 which spent a greater amount of woney per pupil did
» o . not exhibit significaritly higher scores on mathematics
g achievement tests than did districts which spent less money
. per pupil. . o

t - Morrison (1973) compared the relationship between instruc-

tional cost for 1968-69 and the performance of third graders
-t : in 1969 in 702 school districts in New York. Imstructional . .
‘ costs were not significantly related to the quality of. ¢
éducation in mathematics. . . i y
- Tallmadge (1973) analyzed achievement gains, and pupil ex- e

penditures in 1972 California Title I projects, In schools
A less than 75% of the pupils eligible for Title I participation,
3 . there”was no relationship between achievement gains in mathe-
g matics and any combination of regular and supplementary ex—
+ penditures. In saturated schools (above 75%), a significant.
? relationship was found between achievement gains and Title I
Y -per-pupil expenditures for reading but not for mathematich

L

A few studies indicate some (limited) variance which was statistically

" , *

£

attributed.to exgenditures:

- - Vlahos (1975) .reported that révenue and total current
' expenses were related to mathematics achievement in °.
grades 6 and 9 of 172 scliool districts in. Colorado*"
during 1972-73. The financial variables as a group
made the most unique contribution to. sixth graders'
scores, .while admigistrative and total expenses per -
pupil were the significant unique contributors. ¢ - «

I~

- In Wisconsin, assessment results for 1969 reported by
Coulson (1974) indicated that pupils from high-ex~ kY
pendifure districts (over $800 per pupjfl) scored
significantly higher than pupils from medium- or low-

* ' expenditure districts (under $600); however, pupils e
from low-expenditure districts outscored pupils from
medium-expenditure districts. - . .

- In a study of 1,900 sixth graders in eight suburban and Y e
- rural school districts in‘EriehCounty, Pennsylvania,
e - .Salopek (1974) reported that school system characteristics ™
: ‘had a significant-impact on student achievement for average -
e - °* and low IQ groups. Teacher experience, class size, and .
- ” ) ‘costs of textbooks and supplies were the most consistent
: ;predictors of variance on arT?gtic subtests.

s 2
' » . . 2
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:It appears to be a ﬁlausible.conclusion, given the data available‘
that the amount of money spent per pupil has not_generally been signi- |
. .~ficantl§ related.to mathematics achievement. . There are indications
\A thathsocioeconomic factors outside the control:of the/school exert a

greater influence. For instance,.hawaii one of the two. states in which

4 v

finances are equalized across schools (California changed to this basis R
S - in June 1977) has found that achievement test scores in mathematics.

. ¢ "show much the same close relationshin to family background as they do

2

elsewhere in the country" (Education Summary,‘1975,'p. 2).
n# ) N

" ».  Federal Funding'Iﬁpact' . v

*

v e

Beginning in 1968, increased emphasis was placed on evaluation of

federally fhnded projects. Reports from those receiving federal funds
L indiéate that the; felt the projects had an “impact.. Thds}HcDaniel (l9z3)
‘ ,indicated that teachers and supervisors in 57 secondary schools with 4“or

more NDEA Title III projects "observed improvément in teachers and stud—-

o " ents™as a result of use of NDEA Title III-funded materials and equip-

.~

ment. No data are reported; . P

h]

Several assessments of the impdct -of funding were reported in

2

2 . ’ . R
which findings were at some variance with official statements. Thus

* DeShields (1973) reported that studenls in Title I schools performed

at significantly lower levels than those not in Title I schools (but

» who may have been eligible) and Ordonez (l97l) 1eported that pupils in
\zTitle I schools had significantly less positive attitudes toward arith-

s " metic. In both instances, however, effects of pre-existing conditians™

o

might have been measured; rather than effects resulting from Title 1 funds,

° ~

» Y

.
, -
5
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A f3 i L™
. . A ’

S . o . 123 o CoL o ) o




o oy e v g

* A Rand‘Educational Pblicy Study (McMaughlin, 1975) is perﬁaps the

most widely quoted analysis of a federal program. It is a confirmation

~

of conclusions reached as reports pertaining to Title I and Title III

projects (as.well as similar ones) were perused fon this report.

McLaughlin traced'the evaluation requirements of ESEA Title Ig
‘ ~
~noting that, because gf political concerns, "framers of Title I purposely

left ambiguous parts of the bill that might generate conflict and weaken

_ support" {p. 17). The EA receiving funds was required to report annually
[4 Y, 8 .
to the state education agency, who in turn was reqhired to make periodic

P

reports-to the Commissioner’ of Education. 9
. . . an implicit decision was made not to set uniform
reporting standards, not to require measurement by
standardized tests, and not to suggest what -the preé-
ferred components of "effectiveness", might be. More
sophisticated methodological notions, such as the
provision of control groups, were‘rejected as

running against the grain of legislative intent. (p. 19)

W

Consequently, reports for 18 000 LEAs and 50 SnAs for the first

years o oy ) .
« + « painted the success of Title I in glowing terms, =~ -

and suggested that the local school administrators

were moving quickly to devise effective compensatory -
strategies. Title I seemed to be working beyond any- ..
one's highest expectations . . . (pp. 22-23)

McLaughlin found that evaluation was not being used to aid in
R X
decision-making about curriculum and instruction nor to determine
. ” ¥z

griorities at any level - local, state, or federal -~ nor were they

‘used bnyEAs or .USOE to determine funding approvals. Because.of re-
N 5. -

vactions to reports, however,

r

’ ,federal interest in the results of the mandated
reporting scheme ended with the publication of
Title I/Year II. There is no-evidence that ,
local reporting practices have improved with time

. ' .

-

-y -
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¢ McLaughlin believed that LEAs wanted general aid, not categorical v, .

'_ aid targeted for disadvantaged children. Both USOE.and the SEAs seemed . -

© trivial matter of Title I data collection and evaluJ:ion" (p. 25).

. As noted previously in this report, A

,grams (particularly health care) suggests that SOCial programe may have ~

: "high impact or high coverage, but not both," implying that "measurable‘

; oenefigs from large-scale social action programs such aspfitle I can ’

* be expected to be marginal" (p. 40). McLaughlin noted that'academic 0‘ s
: achie ‘ement is but one of many objectives of Title I: therefore to” '

| conelude on” the basis of standardized test scores that Title I is not

" (or is) working' is no% justified (p. 41). however,

T assumptions underlying the evaluation mbdels, or -

~{although states are, required to turn in reports
from time to time}. Reviews undertaken by the
American Institutes for Research (AIR) and the
" Center for Educational Policy Research, Harvard
Uniyersity, found that these. evaluations were.
. as unsatisfactory ‘in 1972 as they were in 1966.
> + s+ o if one were to rely solely on these required
. ,,reports in judging ‘the impact of Title I, one would
have-to conclude that it has benn an astonishing
success -~ a conclusion that . . . finds little .
support in other efforts to evaluate Title I. (p. 23)

K - . . . -
- ) . .

<,

unwilling to destrpy good working relationships "over the relattvely» ' -

" v
An attempt to trace the flow of Title I dollars to . N
specific programs and .outcomes i¢ beset with problems . : . —

- it is difficult if not impossibie to trace the course . e

‘ of Title I dollars through the school system. (p. 40) -~

o - — .
It is also noted however, that experience with other social pro-

J\

T

1

5, a
Al

Ironically, another major-impact of the outcome™of . .
Title I evaluation has been the spawning of more T . - =
evaluation. No. one has stood back and reacsessed . .
-the value of the-process of evaluation itself or the ‘ T

Wt
rzd

wondered if the cost of acquisition.was in this
instance worth paying. If the evaluations beigg
done dt present are a yardstick of what has been




= N
Iy

- . N v learned from 7 years and ver $50° million of Title I
' R f evaluation, the conclusionmust be that we have ' ™~ .
learned very little. d .
‘ . . ' But information gathering has becone a necessary ) %,
X N " . activity ... . in the policy system, and faith in - T
- T - the science of *systems analysis remains undiminished ¢
o . at™the higher-echelons of the federal ‘government.
. The Title I evaluations have generdlly set to“rest ,
the uncritical optimism of the mid-sixties con- i b
. cerning the effects of school and the role of educa- -
’ tion as an antipoverty strategy. But» the scientific -
- _ movement in education .. . . continues on unperturbed
by the experience of Title I. (p. 118)
. .

>t ‘ . At another pd}nt,‘McLadghlin noted ‘that-"a federal evaiuatidn

¥
’

-

” - . bt} 4 .

.\S .+ .- policy that conflicts in fundamental ways with loéql priorities is un~,
\. . ~ . $

LN . R o - ;
BN likely to succeed" (p. 119). That federal policy on evaluation of - -

N
N o

NER funding efforts can be implemented'when public opiniou coincides with

federal need can be noted as needs'assessments are considered in a later

-
M T - \ N
1 » . o ’
t

section of the report. “ . o

— - ”‘
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‘Costs- of , Instruction: HIGHLIGHTS

"' \ | ‘ ‘

oFor at least 15 years,‘éducation has been the largest item in the

e

’ A

v, budgets of -most state and local governments, the amount ‘of federal : Y
. ~ !

: . R
funding for education has increased dramatically. . ¥

.

b“; T oThe amOunt of money deVoted to mathematics instruction is difficuit

1 [24

[}

~ to determine' 18% to 20% szems plausible but cannot be verified from . -
f . . c N i . . 7
available data. ‘ . . o . ‘ , a

+

oThe amount of money spent ‘per pupil has not’ been found to be signifidautly ot

. relat*d to mathematics aghievement in most studies. . e

OSince 1968, increased emphasis has been placed on evaluation of

-

federally funded projects, * ) . ,

. < - . . . |
oThe repérts from those receiving fumds almost invariably indicate that ’ o

- . 4 ' . - . N o

- they feel the funded activity was,successful; in few cases are there -

hard data dE'g controlled research design. Evaluation from outsidé
. M ..n‘ »

. « . P ® ’
revievers rarely indicates the degrée.of success that those involved -

in a project or activity declare _ ) ' \

| CRY

eFederal policies which conrlict with local priorities are not unlikely

,to he fully implemented.

L4
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* ' I¥I. Existing Practices and Procedures, in Teacher Education
- - §\<\\ ] - ) -
"A. Overview and Beginnings, 1955-1965 T T

Dramatic changes in the nature and quality of preservice and in-

.
* ? .

service ‘education for both elémentary~ and second‘éry-sclgboi mathematics \

. -

: teachersﬁha&e transpired during the 20 years following 1955. Table 8

highlighté, but over-simplifies, some of the trends associated with changes

ddiingithe period: It also indicates some of .the factors prevalent

~

~

immediately prior to 1955.

v »

,The role‘pf the societal/political ethos cannot be underraf%d—-if

is the driving force that cdﬁplég values with willingnegs to fund teacher
& H .

" education. The political real}ty'of 1955 was McCarthyism, keeﬁing up

- with the Russians, and concern for the scientific talent péol. Schaffter

(1969) and KrieghbauQ,and Rawson’(1§b9) documented the political real!%fés
in establishing the National Science Foundation. They also indirectiy

document the societal pressures; both these and the poiiticql realities

produced an optimistic, enthusiastic ethos for teacher education in the
. ¢ : *

v

midﬁ{iiOs. Osborne and Crosswhite (1970) and Cohen (1976) fotus more
partic lafly on the conflict between teacher ‘educators :za other academics

concerﬁing the goals of; education being focused on all American youth for

4
!

¢ A ——

séiencg éhé"mathematics. In 1955, the schools were coping with large

numbegs’df children from the post-war baby boom and the resultant teacher

-
y

shortage. Particularly in the non-urban areas, there were many small,

non-tomprehensive high schools requiring teachers who could operate in

]
€éct-matter areas. - ' <

The need for\change in 1955 was urgent. The prevailing mind-set

-

'was in,ﬁefms of a national emergency. The schqol§ were not producing,

134
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. ¥ S " TABLE 8 - ' et
TREND HIGHLIGHTS IN TEACHER EDUCATION, 1950-1975 - . N
o ‘'Factors ‘ . Period C )
° ) 1950-1955 - 1955-1965 ) 1965-1975
Societal 1. Recovery from  |1. Stayiug ahead ‘11, Disenchantment .
N Educational | World War IT of the Russians with science ’
Ciimate ~ | 2. Fulfilling 2. Building a pool ] 2. Concern for
. roles, o of scientific the non-scientifi-
TR C .o talent + - |© cally talentrd
- - ‘+Teacher " | 1. Shortage . | 1. Shortage  * 1. Moving toward
. . Supply 2. Many small’ . o over-supply
' C - schobls need M 2. Mostly larger
4 multi-talented <. . S ‘comprehensive .
‘ ’ teachers = . X high schools
. . s ! requiring
° . . o . specialists  °
° R ) ~ . >
) ’ N \\ - = L A =
*Elementary ~ | 1. Many without BA 1. Many without BA | 1. Large majority .
Teacher 2. Some with only "2, Little back- ‘with BA; one~
- . Character- one college - ground :ln mathe- third with MA. -
1stics mathematics mat:lcs . 2. Most with .- "~
. course; many . C . ofie-mathe-
with none Y ‘ ' . * matics course
’ 4 ' ’ - ’ 3 .
) Secondary 1. Most with BA 1. Some improvement | 1. More than half
: Teacher 2, Many teaching ' in background, with MA .
Character- out of field of 'l 2. Most teaching ' /
istics . _ training 1 in field of B
. 3. Colleges require Tt +  teaching
as many pre- as - 3. Many colleges
. post-calculus, do not count
- courses in a 27- .| . pre-calculus .
' semester-hour .- } . _courses for
ma_jor . . certifiéation = . - —=
o ' requirements "
’ , o in a 32-semester- . .
o2t hour major . _ -* -
Teacher 1. Mathematical * 1 1. Up-dating mathe- | 1.” Computer usdge
. Education literacy for all matics background| ,, Brows to be ex- , ’
‘ Program 3 2. Discovery learn- pected for secondary.
Thrusts ros ” ing theory . | 2. Activity or labo-
: 3. In-service is * ratory learning
- the major thrust | 3. Field experiencé’~
- 4. Federally funded prior to studént - °-
) ) . ‘ :lnst::ltut:es . teaching :
. v °- . 4. Flirtation w:lt:h CBTE
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L according to the popular press, the politicians, and the academics. The oY

orientation was for immediate action to change the schools, rather than A B
- -~ . e

for change in preservice education that might yield long-range efﬁ:cts.

" -

: During the 1955-1965 period in-service education was the focus of atten- -

tion and'hction. Consequently, information about teacher education for

‘this ren-year period is. about 4avservice education. The attertion ac- . n

- corded in-service was 8o consuming that the majority of conglusions t @ . a7

7"’,

e made about preservice are inferential axd based on inforrmtion co1-' - <

lected relative to in-service needs. g ' .

B. Tesch L Education 1955-1965

[y v N
L}

This ection begins by eaamining the nature of teacher competence o

v » . -

- and charact 1stics, shifts to considering the 1n-service programs and .

-

- N Py

" the effe f the in—service programs on teachers, and concludes by

°

. " ¢onsider g the effect on preservice teacher education.

* e - . -
- . . . - -
M -

c— . 1 s

Teacher Competence and Characteristics, 1955-1945

A teacher 8 competence ‘was defined in terms of the teacher 8

- S course background until recently, whcn the additional factor of3the :

- .e [} s S

e performance otntne teacher's students has become significant. ° Thus,

4 5, throughout the 1955 to 1965 period, knowle&ge-of teacher comﬁetence is °

. L4 N » ¢

ERC o largely inferential, stemming from the‘characteristirs inferred from

——n % S

-
-

I
the course and degree background of ‘teachers.. Schumaker ’1960) provided

N ‘-t‘,._
» Qe ~a— -

< _a relatively thorpugﬂ description of the graduation requirements:for a LN

- 3

mathematics major in the, 140 institutions graduating the largest numbers ) .

R

of secondary mathematics (identified from 314 AACTE members). ‘He . s :

- *
- -

Q L o . . Yy 130-<.. ‘- :: ; . o
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. i “surveyed college catalogues for Ehese schools and.foundvthat in 1957

>

L o _the median requirement for g major was 27 semester~hours of mathematics. -

4 —

s The majbt‘inqlﬁded calculus and roughly as many hours of pre-calculus
~ \ R .

T A}

-~ .

o \\ courses as post-calculus courses. . One inferg from the titles of the

post-calculus courses that they‘were a hodgepodge not reflecting the .
. - . v
‘current matigwatics of the period in spirit or content. Thirty-two

ca . percent of the schools required college geometry; 28 percent, theory

of equations; and 31 pércenf, differential, equations. No other post-

- . ’

'Caipulus courses were required by even 20 percent of theninstitutions.
o - . . :
< Eighteen hours"were required, for the minor. For both, 24 hours in

-~ -~ .

.

< . . Poe - e e . .
- professional education was required, with 5 hours of student teaching.
- the median minimum requirement. Shumaker reported that teachers
° colleges tended to offer professioﬁalized subject-matter courses more

frequently.thanédid four-year collegeé or state universities. }A striking

lack of influence of tie recommendaticns by'proféssional grouﬁs is noted.

The evidence collected by Shumaker suggésts that in lésgbsecondary )
teachers of'mathematics.were competent,‘if judged on the basi§ of. the
type of background they were required to acquire in the ﬁollegesiqnd
universities. Clearl; the mathematics was neither "mo?érn" nor extensive.

But were teachers working within the field for wy&ch they were
trained? Several kinds of 1nf9rm§tion suggest not. ;&he end of the

¥ 1955-1965 period finds a severe teacher shortage;iq/mathematiés. The

NEA Rescarch Division (NEA, 1966) estimated a toqﬁl need for new teach-

- 2

3 ers of mathematics to be more than 12,000, but the number of newly certi-
fied mathematics teachers was just below LO,SOQi with only about 65 per-

cent of them expected to enter teaching. Thi¢ suggests that many teach-

137 ; L
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efﬁ were operating out of their fields of speciali;etion. Obourn and

- Browm (1963X found. that-nearly 15 peroent of the mathematics and science

teachers in the United States taught only one\perio& per day in these

academic areas -~ one suspects their undergraduate background to be
o;her than mathematics or sciegce. ‘ihe Netional Aéeociaéion of State

Directors of Teacher .Educdtion and Certification (NASDTEC, AAAS, 1961)'

-

published a study indicating for 1961 the percentagg of mathematics v K

.

classes taught by teachers in terms of hours of credit in mathematics,

-

Table 9 summarizes the results. : . .

-

1

. N
* , ’

% TABLE 9

“PERCENT OF SECONDARY MATHEMATICS CLASSES®
TAUGHT BY TEACHERS WITH A GIVEN NUMBER
OF SEMESTER HOURS IN MATHEMATICS

¢

Hours in Percent of Classes, - Percent of Classes,
Mathematics Grades 7 and 8 , Grades 9 through 12
Less than 9 . 34 1
9-17 19 . N 12
18-29 26 . 32

30 or more 21 o ‘ 45

Brunsvold (1966) made a careful examination of 90% of the

-
v

_secondary teaching staff in-the 452 secondary school districts (98.5%)

in Iowa, operating from state department records. He. found 754 teach-
ers ef martcmatics, of whom 73 percent were male. The mathematics
teachers were of average age 34 3, with males being the youngest for all

curricular arghs. They averaged 8.9 years-teaching experience, with

female teachers averaging almost nine more years of experience than °




- - [\

. " males had. Approximatély 28 percent of the teachers held'MA degrees,

- -

with more males than fepales having the degree. Almost 80 percent of

\the teachers with mathematics majbré were teaching 100% time in their

[

méjor‘areas. However, 9 percent were teaching in two areas and 7 per-

. cent in three areas. ,These tended to be in small schools. Larger

°

“schools had better utilization of teaching staffs in terms of the ceach~

~
S -,

" ers' background (or competence) and had teachers with better back~-
grounds.f fhe data that Brunsvold exhibited:are consistent Qith thatv
' . reported in his extensive re&iew of the literature.
" The characteristics of secondary mathematice teachers hare to be
inferred from studies like the above and geheralized from backéroundv
N data. Brunsvold stuAied teachers in a aecidediy rural setting; studies
in urban ;ettings provide adéitional insights worth hBting: Rudnick
(1962) identified several general background characteristics of 1,425

teachers of college preparatory mathematics from schools in the 193 ~

cities in 1959 with more than 75,000 population. Contrasting curricula

of:1957—58 and 1960-61 (before.and during the major impact of SMSG and
teacher institutes)), he found that al} teachers had a bachelor's egree
‘and,58.2 percent had a master's degree. They had an average of 16 years
teaching experience and an average course background in mathematics of

39 semester hours. Moreover, 67 percent had taken graduate work in
\ ¢ .
mathematics and 76 percent in edueation, for an average of 16 hours and
21 hours respectrvely. A totalaof 49,7 percent of the teachers haé-taken
programs qunsored and paid for by institutions, rather than haying for

it themselves..

Shetler (1959) provided insight into the kinds of issues'and prob-
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lems concerning teachers: He surveyed a sample of teachers representing ,
ne

10 percent of all of the_ secondary schools in the 20 states of the North

Central Assocdation. The teachers' perceptions of aims in teaching mathe-
matics were in general agreement with authorities in,mathematics education
(thus reflecting the general orientation prior to the perception of a

néed to develop a pool of scientific taleng. Multi-track programs were
’,-"’

noted to be on the increase and rural school practices tended to be

]
traditignal. Many teachers indicated a concern that their curricula

were inadequate. Shetler indicated the same contrast between rural and

%

urban as can be observed in the studies by Rudnick and Brunsvold.

RN

s

.Elementary teachers' background and characteristics early in the[
1955-1965 era are not as well-documented as those of the secondary }: :
;eacher. Ruddell et a1. (1960) provided the most comprehensive informa~
tion. During the 1950s, state requirements were shifting toward re-
quiring a bachelor's degree to teach in the elementary school; in 1951
only 17 states had this requirement, but by 1957, 35\state;kdid. Ruddell
agd:his associates point out that about 30 percent of\the elementary
teachers in 1957 held provisional certificates. In only 12 states was
there a specific mathematics requirement for certification, seven re-
quired a mathematics course, and five required a methods course. Exam-
.ination of college catalogues for 96 institutions revealed that 39 per-‘
cent required nc mathématics course and 29 percent required no course
on methods of teaching mathematics. Evidence from a survey taken in
1966 about 1962 requirements indicated that 23 percent of the colleges

/ s

graduating elementary teachers required no mathematics (Dubisch, 1970).

There are relatively few studies during the 1955-1965 era that .

140
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focused on what mathematics elementary teachers knew or what their

attitudes were about mathematics, either directly or by inference from

course background. However, respected mathematics educators like ‘ o 3

drossnickle and Dutton had conducted studies in the late 1940s that

f

' indicatgg this was a major problem. With the publication of CUPM Level
I guidelines for elementary teacﬁgrs of mathematics, a spate of studies

was conﬂuctéd, but results were not published until after 1965.

In-Service Education, 1955-1965

In-service eduéation prior to 1955 was the responsiﬁility of the‘
1ndiviaual'teachéi of mathematics or tﬁe teaghef;s school system. - Most
teache}s acquired their in-service education through an institution of
higher education, stu@ying for a master's degree to enhance their

. earnings.

The history of in-service education,\especially'at tLe secondary-

scﬁooi leygl; Quring the 1955-1965 era is highly related to the history

of the National Science Foundation's development of in-service programs. ,

Krieghbaum and Rawson's An Investment in Knowledge (1969) is a-<history

of NSF's development of summer institutes for- secondary tgacheré during
the first 12 years of the institute program. In the process of spinning
an enthusiastic, entertaining history of the‘summer programs, considerable
background on other forms of NSF 1n-§erv1ce activities is described.
Thus, their book reports on the establishment of %cademic-year_1nst1tutes,
in-service 1nsf1tutes for part-time study during the school year,, imple-

' !

mentation institutes dgrécted toward the major new curricula (UICSM and

SMSG), and parallel institutes f- <clementary teachers.

147
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The'NSF institutes rediched: an estimated 35 percent of/the mathe-
matics and science teachérs (Krieghbaum and Ransom, 1969). Mostly |
disciplinary in oriedtation Sa typical sum;er institute was about 80
percent mathem;tics and 20,percentumethods), they established a precedent
of paying:mathematics teachers' university fees, tuition, and/or living
exbenses. Further, the mathematics and methods were."packaged" for the
teacher by the institution. NSF=institutes_became almost the only in-

By

" service activity for secondary teache'rs of mathematics.

The National Qcience Foundatio;/became concerned with the nuestion
of whether the institutes really were_up_grading the. competence of all
types of teachers. Thus, a study J% ‘the 16 OQG'apﬂlicants to the 1957
and 1960 institutes (Blanche et al., 13ﬁ3) was initiated to examine
differences between those accepted and\those rejected for the various
kinds of in-service activities. Berger (1961) reported differences

' between'the acceptance and rejection grouos for each type of institute

for se: ondary teachers. Academic;year institutes and summer‘institutes

\accepted individuals with bctter\academic credentials in terms of the
number of hours and)the grade poéint average. ‘This apparently contributed
to the later establishment of institutes for different levels of student.r
The institutes could not be successful in upgrading the competence of

, teachers if only teachers with better backgrounds were included.

The Foundation was aiso concerned about the types of teachers who
were not’applying to institutes. The American Institutes for Research
(Orr, 1962) conducted a. study of the non-applicants, sampling teachers
in 491 secondary schools seiectedwon a stratified random basis.‘ Acceptees,
non-acceptees, and non-applifants in the schools were compared. Teachers
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. - were sent questionnaires and a subsample was interviewed. The acceptees
'were more likely to have participated because of wanting to know more of

< -

the subject matter and teaching methods; rejectees were motivated to apply
f&é reasons of éinanciai géin mors often than thé acceptees. Rejectees
2 ~ appeared to have as high a "drive" as the acceptees, but a lower ability .
vlevel.. Females wste a significantly larger portion of the non-applicant
% . group than of the applicant group and often mentioned family obligations
.as the interfering factor. However, the primary’ factor for non—applicants '
‘was identified as lacklof drive, a characteristic extending.to ang pervading =~
'most aspects'of the ﬁon—applicants' work in tﬂe schools. The non—applicant
felt inadequate for teaching in the subject field more frequently than the
applicant, but prized a self-perceived abilitx to get along with students
more often than the applicant. The non-applicant was more likely to‘be5

a woman teaching in a small school in a‘rural area or small town that

1 served a low-cost housing area.‘~The non-applicants perceived the environ-

7

- ment in vhich they worked as supportive of neither education nor science.

L]

A conclusion that seems appérent.from the non-applicant study is
that thete was a segment of teachers-whom the 1n-ssrv1ce.1nstituté‘pro-
grams could not reach no matter what modifications ﬁers made in svaii-
ability, stipesd sﬁpport, and the like.

Few follow-up studies of institutes independent of the NSF in-house
!ﬁ,"i . evaluations were conducted prior to 1965." The reports were positive,
optimistic, and full of promise (e.é., Krieghbaum and Ranson, 1969).
Many teachgrs'wete being changed snd were excited about their partici-

pation.. The 24 summer institutes oriented to UICSM and the 40 orgsnized

around SMSG curricﬁlar materials seemed particularly power ful mechanisms

2 o .
¢
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showed little significant change. -

for establishing new curricula in the schools (and received better
. 7 . = * - * /I
participant evaluations.than thj non-curricular-oriented institutes).

N ¥

Preservice Edﬁcatioﬂ, 1955-1965

1

- The coﬁteni of preservice mathematics education changed sigﬁificantly, '
A \ . ’ B . . . )
but professional experiences in education generally retained the same

’

_ structure, fheapost significant changes for secondary teacher education

~

prog:ﬁhs were in terms of shiftihg the content of the maghematics/courses

to be more current and to encompass a greater portion of post-calculus
mathematics and a lesser amount of pre-calculus mathematics. For ele-

. . 1 ‘ .
mentary teachers, the shift was more dramatic; it was primarily an in-

>

. LA
crease in the number of required hours of mathematics. It see%s that

/
mathematics educat:ors'énergies were devoted primarily to in-service
education, so that preservice programs were adjusted only in terms of

content.

Examination of the two leading methods books for secondaryoéduca—

tion during this era supports this contention. Reeve's Mathematics for

the Secondary School (1954) and "utler and Wren's The Teaching of Sec—

onéagy Mathematics 2196%),are both written in terms of tbe curricula

of the 1950s. The elementary-school mathemétics methods books also

——

If there was a particular methodological emphasis in the early

1960s, it was in terms of the*new curricula and the discovery processes

implicit in the UICSM materials. Howevéf, this was not a major emphasis

1
3 i

29 I? - )
in 7vailab1e text materials fqi_method'fclasses. Mathematics educators

came to realize. there <jas a problem in|preservice teacher education.
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S R ‘tfd \\‘ .
‘'The in-service education effort was essel :Ely retraining égg\:pdating

_ the te?cher's knowledge of mathematics and

_ listings of guidelines and, content. . -

- 4

(
e

eparing them fbr the-new
o ’ ’
curricula. Preservice teacher education needed comparable attention}

otherwise the new teachers would require retraining immediately. Seyeral
!

4

groups formulated guidelines for revision of undergradugte/preserﬁic

. lad . \ . ‘
programs; Gibb, Karnes, and Wren (1970) and Dubisch (1970) provided

were the most used. This is probably for two reasons:

(1) CUPM periodifally conducted regional confereices
for educators concerned with program design, .
requirements, and certification. . - b

(2) CUPM provided extensive recommended course ‘
outlines specifying content and. intent. In
addition they indicated available published
materials fiitting the courses they had described.
- N«--

CUPM recognized that the undergradu;te\curriculum was at least. as out-

of-date in many insti futions as the school mathematics curriculum. The
CUPM recommendations‘rere unique in that they considered three levels of
secondary-school teacher preparation. A summary of their 1961 recommenda-

tions for school mathematics appears in Table 10. The CUPM course

guides and level recommendations provided qtandards for mathematics

educators. Initially CUPM did not cohsi@er methodology.

.

a

C. Teacher Education, 1965-1975 °

Mathematics education changed significantly\in the 1960s; much of

this change profoundly affected teacher education. In other sections of

145 -

139 . '




A
P . TABLE 10 '
AN T ’ . 1961 CUPM COURSE RECOMMENDATIONS N
e ‘ Courses C
’ Prob-
s : ¥ ability and
P High School | Num- Analy- Alge- Geo- Statis- Elec-
' e Level Description Prequisites | bers sis bra metry ‘tics tives -
1l Elementary '{ 2 years of 2 1 1
Sghool college-
‘ . '] preparatory
< . ) : : mathematics
2 El\gments of | Pre- 2 1. | 2 1 - | A
Blgebra and | calculus
; Geometry--
L Junior High :
‘ School i ; -
3 High Pre- 2 2 .+ 3 - 2 z -
School , calculus o o )
4 Elements of | Pre- 4 2 3 2 7
- Calculus calculus . . R
. o Linear : .
> ' Algebra. {
: and I : !
Probability ~ J . /

- of this report, thé points are made that:. i

. - " (1) Curricular 5hanges‘were accomplished in the secondary school

and were initiated in the elementary schools by the mid-1960s. .

1

. T ’(i) 'The'aims of mathematical 1n;truption were enlargeq in the
midj19608 to fit concerrs for the learner’who was not . s
collegé;aspiring or.college—talented.
- I¢ should alsc be noted that the number of researchers in mathematies
_‘education changed dramaticaily by the mid-sixties, partly as a result of
.

NSF. academic-year jinstitute programs and partly because collegiate-level

mathematics education was a growth industry. Many young professionals
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had\neﬁ research degrees and positions in higher educat:iont They weire

doing research concerning teaching and learning mathematics at a never-

- ~"  before-attained rate. Many of the studies related directly to teacher _

L

- - l v
education. These "new" mathematics educators who had grown to professional

maturity in the institute programs and in learning about "modern" mathe-
A ' ‘ ,

- . . 'matics became a new generation of teacher educators with a mind-set quite

udifferenQAthan that exhibited by their colleagues frginéd in the pre-1955 Ad

- . -

- era.

Hathématics educatqrs working‘in'teacher edﬁcation during th

o 1965-1975 era felt that they could safely extend their programs

" 3

eyond .
the paramount, consuming aim of mathemafiéal c;mpetence prevaili%é in
the 1955-1965 era. Most elementary and secondary schools had at|least

one staff member with a contemporary mathematical background and yere\

?

using curricular materials of a modern character. The undergrad%ates in
reservice programs had more extensive mathematical backgrounds and teach-

er-training materials reflected the nature of the instructional matériaiﬁ

in the schools. By the 1970s, the students in preservice programs had
i l . ) 4

— »
- ' a history of contemporary mathematics, in their school experience before
entering cpllege. This is not to say that mathematical competence was ] ' -
no longer a concern or issue; rather, teacher-educators had evidence ' .

ke .

that progress on the mathematical_competence problem had been made,

and there was a conviction that other factors in” teacher—education were
° R T —— ~——

in need of attention. ‘ . . .

2 -

«

n The gocietal and ‘political céncern and support for science and

fé} building a pool of seientific talent eroded, to be replaced with a
\ o
concern for /the socially disenfranchisedf&ﬁ& acperception of the schools

_ e
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as a eonstructive mechanism for social change reaching all levels of

sooio“y. In'particular, the schools were perceived as.a means of break-

'ing the poverty cycle. Thus, the efforts of teacher educdtors came to
encompass more than simply mathematical competence. J
. * \ "

The economics of in-service education>changed dramatically. After
&

a twentyfybar period of massive federal support for in-service education,
- . primarily through NSF institutes. federal support for in-service education

. was, to all intents and purposes, terminated for mathematics and science -

teachers. During the peak “three years of”support, 1962-1965, the level

of federal investment was approximately $37,000,000 per year (equivalent
to approximately 70 million dollars in ‘1975 dollars). Ten short years
i later, on 28 November 1975, Walter Gillespde of the National Scienee L.

Foundation wrote an open letter to the mathematics and science education

-community declaring that no funds were available for institutes during

)

the coming fiséal year. Teaohers' expectatioﬂs‘and attitudes about in-

J
©

- service education built over the twenty year period were upset, as well°

6?as‘the roles and functions that school systems and institutions of hi her

. education had established.' For“g period of time, this trauhatiged’the
Yo

‘mathematics™ ea"bation in~-service effort. .8
[ -

In the following sections, the effects of these general tremnds’
and how they came about will be examined. Shifts in teacher competence

will be considered! followed by an examination of in-service programs

.
- .

and trends in preservice education.

~
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Teacher Competence and Characteristics, 1965-1975

Much more information concerning teacher competence and character=

istics is available for 1965-1975 than for the preceding ten-year period.h

.
-

Rather than having to Operate from a basis of judgment about teachers

‘inferred from limited information on their course‘background a consider-

-

R2

< .- ;{f”'able store of research evidedce—has been amassed. One of the effects of
. . - . .
S the societal emphasis on science and education was the deveiopment of

many doctoral programs on mathematics education. The producgion ofa. * ¢

- hd X

‘. research studies copcerning teacher education duriné the .entife’ ten

*

‘years from 1955 to 1965 s roughly equivalent to' the research production

per year in the 1965 to 1976 period. -Many of these studies described'

-
<

teacher characteristics; few de§cribed teacher competence. .

y g‘qfl . .One of the major questions raised by the massive federal inter-

) ‘. -

- vention into science education was whether the.investment‘was worth it -

! * when the major goal "of upgrading teachers’ understanding was considered.
. - X ” \
- A large number of studies have.examined whether an'increased number of\i
courses and/or grade point "in. collegiate mathematics contributed to

1

improved performance of students in mathematics. One of the larger studies

4

of this type was reported by Begle and Geeslin (1972) as part of tk

7 NLSMA research effort. For the first year of the NLSMA studies, 1405

teachers participated, with 1478 in the second year. The, students of
N . !

these teachers were given pretests and, then, at the end of each year,

-
Y

tests "on computation and comprehension. Eleven differeént measures of
‘. e teacher characteristics were uysed in stepwise regression analyses td
discover relationships between the teacher characterist.ics -and the

*performance of their classes. Although substantial variance was found

”
- a
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"

in the performance of their classes, the teachers' characteristics did
x Fl -

. ) . . ,
not account for a significant portion of the variance. The percentage
% " of the variance accounted for was too low to’'be useful for school‘

. decision-making. Further, the measures of teacher effectiveness were

not stable across the two di ferent years of data collection.

L}

What accounts for the lack of relationship between teachers back=-
ground and students performance? One attractive interpretat.on of the

.- NLSMA study described above 1is that the information gathered Crom tran-
. =

scrip s may be ambiguous professors grade in markedly di€ferent ways,

" standards vary from jinstitution to institution, a B grad° earned in 1955

< ‘ :

may .not mean at all the same thing as a B grade in

the same cours in

1972, Begle (1975) investigated the performance of the students of 208 °

&

‘ * . [
ers' understandings of algebra were taken from their performance on two

B ) | of algebra. He found no significant correlation between teachers' know-¢

ledge and the performance of their students. _Eisenbergz (1977) replicated

the study with a smaller but more typical set of algebra teachers who
'were‘not participants/in NSF institutes; and therefore had not been

. / .
seléctad on some criteria which might produce "ceiling effects." The

4 <

results of" the Eisenberé study are consistent with tHose of the Begle -

-~

*

'study. rMoreover, thase results are consistent with the fiuuings of

other studies concerned with the performance of students at different

levels in the school curriculum; see Eisenberg (1977) for a listing of

- eight other studies.of this nature. o

Willson and Garibaldi (1976) reported a study of 112 senior high'

150 S

\ b teachers.uho.were°§articipants in NSF institutes. Measures of the reach-

. algebra tesis. Their students were given pre- and pogt—tests of knowledge

(




S

and 99 junior high school teachers in school \ii‘étricts in Mississippi,

South Dakota, and Wyoming. Teachers' backgrounds, institute pgrticipatioﬁ,

and scores on the National Teachers Examinatign in Mathematics were re- .

<

lated to their students’ achievement on a mathematics achievement test
(40 items selecggd from the NLSMA item pool). ‘Ihé teachers' abilities

.
in mathematics—were-not related to their students' ach%evement, but their

: ' ' . . \
participation in in-service institutes was related. According to the

I _ . -
' duthors, the results were strong enough to warrant prescriptive remarks
! \

recommending continued participation in in-service activities,thﬁgpghopt

<

the professiortal lives of teachers.

The intuitions of$most:hathematics teachers, mafhematics'eaucators,
and mathenaticians are not in accord with the findings reporte& in these
studies. Most want to claimythat the more a teacher knows abput the
subject be1n§ taughé, the better the teaching that can be done. Clearly

a minimal level of understanding of the subject matter is necessary.

The explanations of the lack of significance for mathematical background

o;typically hinge on the identification of potential interactive effects

with other characteristics of the teacher. Several characteristics of
) teachérs have been identified that do affect learning of mathematical _
‘topics. 'These are candidates for having potentially significant inter-
actions with the teacher's knowledge of mathematics in affecting learn-
ing. Among the more sjgnificant of these are:
¢H) 'The teacher's verbal facility and behavior: Studies by
Fey (1969, 1970), Gregory (1972), Hernandez (1973), and

those reported in Teaching Strategies: Papers from a

Research Workshop (Cooney, 1976) all noted verbal
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T —— \conjunction/with the teacher's mathematical competence.

factors in teachers' performance in the mathematics classroom

that contribute to learning of mathematics. WNone of these

-

_ studies, hbwever, considered interactive effects-with the& : -

3

teachers' knowledge of mathematics.
(2) The teacher's expectations of student performanﬁcz Heller

(1974) and Lockheed (1976) identified the characteristic of

expectation of the teacher for student performance as being

a critical factor in the classroom. Other replications of

the Rosenthal and Jacobson study reported in Pygmalion in the !

. Classroom (1968) did not produce siznificant results. No

studies have considered the expectation churacteristics in

2

(3) | The cognitire style of ‘the teacher: Engelhart (1973), Stone

-

(1976), and Story (1973) reported that matching the cognitive

st&ie of the teacher and the cognitive style of the student
1 .

»

can affect learning.in mathematics. Since cognitive styie of

the teacher is a factor in the teacher's learning and doing
of\mathematics, this may be a potentially useful character- ' \
istic to explore in\examining the role of knowledge of mathe-
matixfin the perforhance of children.

\
None of the studies cited above defined the competent teacher. Ra&hei
fect

¥
they indicated s?me characteristics of teachers that appear to af

learning of mathepatics, and thus might have significant interactive \\\

cffects with the &nowledge of matnematics possessed by the teacher. \\\ -
They presented evidence«that teachers vary significantly in a variety \\\\ //
of characteristics that affect learning. ‘ ' \tﬂ\




.

The attitude of the teacher about mathematics is another . .racter-

-

1st19 that might be expected to Sffect the learning of students in mathe- )

matics. Suydam's A Categorized Listing of Research on Mathematics Edu-

el

cation ( -12):' 1964-1973 (1974) listed 39 studies concerning preservice \
) N X N -

. ! '
teachers' attitudes and 34 studies concerning preservice teachers' atti-

tudes about mathematics. - Unfortunately the number of these studies that

examine the relationships between teachers' attitudes and'thg performance

in mathematics of the teachers' students is relatively few.’ Van de Walle

A

=)

(1973) found at the third-grade level that comprehension of mathematics’ ) Ly
was related to the positive attitudes of teachers and th;t teachers'

negative attitudes were associated with compu;ational agility. At the

sixth-grade level, no significant relationships were found. tﬁo of the

NLSMA Reports {Begle and Ge?slin (1972) and Travers-(1971) }* examined }

the relationship between teachers' attitudes about mathematics and mathe-

-

matics teachiag and student achievement. No significaut\relationships
\ were reported.

The design of teacher education programs is predicated upon some
strong assumptions concerning teachers' até&{:ﬁes about'matﬁematics and

¥
\ their knowledge of mathematics. Intuitively it seems appareut that these

are critical factors in competence. The research\svidence does not sup-
port these assumptions. We note that neither of these assumptions has g
been researched carefully in a manrer that acgounts for éfsibly signif-~
icant interd.l:ions with other variables. Q;st of the stud1;§\qf attitude

- o have had other purposes that have determined the design. \\\\\\

' .
Many of the studies of teacher attitudes reported in Suydam (1974) \\\

indicated a relationship between the achievement of teachers in specific




in-service or preservice mathematical experiences and students' attitudes

, about mathematics. Most such studies 1nd1catea a weak association be-

tween‘succéss in mathematics and a positive attitgde about mathematics
f;r elementary—;chool teachers. Elementary teachg:g who prefer"téaching
at the upper grade levels appear to enjoy g;eater success in hathemapics
and more positive‘attitudgs about mathematics. Altﬁough in-service '
experiences and 1ns£1tutes for elementary teachers attract the teachers
who feel more positive about mathematics, their attitudes are enhanced:
) Attitudes and mathematical background or understanding are not

characteristics that yield simple measures of a teacher's competence

or effectiveness in promoting student learning. Some studies of effec-
tiveness that appear to have‘promise are those that }ncorporate many -

variables into the description of teacher behaviors .and that account

for classroom environmental factors. Some variables that appear to be

s

significant have been identified but have not been studied in conjunction

A ’
with baseline characteristics of teacher attitude toward mathematics or

understanding of the mathematiqf being taught. Some of the variables
appear to be dependent on ‘an und¢ v standing of mathematics. Rosenbloom

et al. (1966) identified the most effective teachers in a group of 127
who were field-testing SMSG cufricular materials. The most effective N
teachers produced a greater vari;ty of ideas about success and failure

in their teachikg and offered a greater variety of alternative ways of
teaching mathematical concepts. These observations of the’teachers

were based ﬁpon the‘logs which the teachers kept concerning their

teaching. Good and Grouws (1975) examined achievement in foufth~grade

mathematics in terms of the' teachers' use of various teaching strategies
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and classroom environmental factors. Clusters of variables that were

associated with effectiveness were (1) general clarity of instruction,

(2) a non-evaluative and generally relaxed environment, (3) higher

achievement expectations, (4) classrooms "‘that were relatively free
of major behavior disorders, (5) éharac;eristiés of whole-class instruc-

tion, and (6) student initiated behavior. ' o

These two studies offer examples of the vari‘able“c that appear to

affect learning to a significant degfee. The variables are character-
1§t1cs of the teacher in that they 1nd1céte b?haviqrs of the_teacher,
some of which are learned. The problem with most research that examines
teacher behaviors in the classfoom is that the behaviers are séldom
examined in terms of both the performance of learners and the back-
ground characteristics of the teachers. As Rosenshine and Furst (1573)
point out in reviewing more than 120 instruments or systems for class;
room observation, ohly about one in tep is re}ated to student achieve-

ment in any way. Although they were examining observational systems

across all fields of teaching, ‘the same eonclusions obtain for the

teaching of mathematics. . '
‘ The question of teacher competence or effectiyeness is more complex

than the accomplishcd research would lead one to believe. Few studies

have accounted for the many factors that have been identified as potentially

significant. Clearly it will take an 1nvesRment in research of at least

én order of magnitude greater than has been }nvested in the problem

heretofore. Turner (1976) described the many\different factors that

. .
should be taken into account in order to extend the research domain for

teacher-effectiveness studies. Controlling the many variables he ’
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idenéified is necessary if the knbwledge of teachér characteristics that
.yleld effectiveness is to be other than the observation of symptems of
effective behavior. '

! The discus;ion of teacher characteristi;s to this ﬁoint has focusé& )
on effectiveness or competency in pronating“growth of sfpdents in ‘
mathematics. Other characteristics of teachers are.;ignificant in that
.thei indicate factors in the professional attitudes and makeup of
’teachers that should be taken inté account in planning teacher educ;tion
programs and/or in acquiring a sénSe of the progress that has been made
in teacher edﬁcafion. a

The mathematics teacher at the elementary and secondary levels is

more of a professional in 1975 qﬁén\in 1965. This can be deduced from

i

evidence of the change in the backgrounds of teachers. Osborne and /;

Bowling (1977a) surveyed a national sample of secondary and elementary

. ‘ f
teachers iu 1975 for the NCTM In-Service Project. The teachers were |

selected on a stratified random basis to reflect all areas of the country

and the various types of public schools. Fifty-six percent of the
secondary téachers and 3% percent of the eleméqtary teachers reported
that éheir highest degree was a master's. Omly'll pércent of the
elementary teachers and 12.4 percéﬁt of the secondary teachers were
teaching with no methods course in mathematics; indeed, 52 percent of
the elementary and 38'percent‘of the secondary teachers reported m?r;
'than one methoas course for mathematics in their background. : The

4

secondary teachers reported the following when queried about the number

L]

of post-calculus mathematics courses:

>
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) . Number of

0Oto3 4to7 8toll 12 to 15 more than 15
courses ’ \ R
Percent of ~ 15.7% 24.3% 21.3%
- teachers
H ¢ -t

14.17 24.9%
-

Only 10.5 percent of the elementary teachers indicated they had only

-

one or no mathematics courses at the college level. This background

-

is consistéﬁt with that reported in other‘stgdies, although there
appears to be regional variation, with urbanogreas'ﬁaving a higher

) concentration of teachers with extensive béckgrounds (Bertéam, 1971;
-~ Biggs, 1969; Bradshaw, 1968: Haigh, 1970;-Sch\ibert, 1975; Woods, 1;73).

Thhs, there are many more teache.s in the schools who have a backgfound

approaching that recommended in the CUPM guidelines for mathematics

teacher education than ever before. However, a significant subset of

the teachers do not possess the recommended levels of training--estimates

cf those hot having CUPM-recommended backgrounds range from 10 to 37

percent, depending upon the region of the country and the type of
community sérved.

Teachers in the mid-1970s not only have a better background in
mathematics and methods; they are eérning their second professional
degree at a younger age, are less likelyito i arrupt their professional

service, and will stay in the teaéhihg profession longer than teachers

at any point earlier in the 20-year period which is the concern of this

.

repott. .The NCTM in-service sﬁrveys indicate that teachers are

satisfied with their choice of profession, with approximately 80% stating
they would elect teaching as a profession 1f‘they had an opportunity to
start over again. For ‘elementary teachers, 83 percent indicated

experiences in in-service programs during the two years prior to the
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survey; for secondary teachers, 71 percent had participated in in-service

during this period. The following indicates the sources of in-service

education for thesé teachers: | o .
. . \‘ . -
Elementary Secondary
My school system . 88.3%\ 82.0%
.- A state educational agency ) 24.5% | 23.7% . 7
A district or regional 32.7% \ 25,14
educational’ agency v .
A college'or university ° x 37.9%2 |\ . 35°9%f
A private concern such as 35.6% \ . 113.0%
a publisher ) _— Rk
A professional group such 120.67% | 29.47 .
ds the NEA or NCTM < ‘ e

* e e e i e 2

i
’
1
|
i
"””Klfhough approximately 36 percent of the elementary teachers and 46 ) i"i
percent of the secondary teachers reported their prior egperience with %
in-service had not been positive, approximately 80 percent reported a

P i . :
‘need for in-service and approximately 60 percent felt' it should be |
| |

required of all mathematics teachers. Close to 50 pencent of all
respondents felt the requirement should be for maintenance of certification.

i

The NCTM survey results provide strong evidence that the majority

of teachers .are professionals desirous of continuing edocation, concerned
with currency of their knowledge, and more desirous of fn~service for
"methodology then for mathematics content. A strong concern for having

in-service that related specifically to their curricular ?nd instructional

programs was evident in the respbnses. If teachers at either level
\ .
participated in identification of topics and in planning the "in-service

program, then they were much more likely to feel that the in-service

A

experience was satisfying. o '

‘»

The survey data indicated that most teachers were positive and
\
optimistic about in-service education and simply wanted to be treated as

<




professionals. Some of the respondents were not so positive about in-

service education~-~a negativism pervaded their responses to a large

-

number of the items concerned with in-service on the 147-item survey

form. One question that tended to show a relationship with a positive

3

view of all aspects of the respondents' proféssional perceptions was the

3

following: "Are students as excited about learning mathematics as they

~ever were?'"  Sixty~-eight percent of the elementary teachers responded

- L] - -

"yes", but ‘only 44 percent of the secondary teachers responded positively.

To summarize, the characteristics of teachers cﬁZE stand out mast

dramatically in the mid~1970s are a reasonably extensive background

in mathématics'and professional courses. Mostﬁtéachers ane participating
in some form of in-service education, prefer more in-service education,
anch have relatively high hopes for in-service’ education. VA significant
factor accounting for teachers holding a positive view of past ip~service
is whether they have particpated in decisions about the in-service pro- )
gram and whether it fits the school's mathematics program. Relatively

littic evidence relating teachers' background with their students'

I

performanée in mathematiﬁs is to be found, although there is some promise
in looking for interactive effects of background with variables of

teachers' verbal behavior, expectations, and attitude, particularly if
B M ¢, - . .

. o
school- environmental factors are controlled.
L , *

Preservice Program Design,,l965-1975

o
The five major developments in this period for preservice program

design are:

(1) Increasing the mathematics requirements for secondary
‘and elementary programs
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gression of incremental steps for both sécondary and elementary teachers i

(2) Cbmpetency-based teacher education (CBTE) —_

(3) 1Increasing the amount of pre-stqdent-teaching field f
, €Xperience o —_

(4) Incorporating an emphasis on laboratory and/or
activity learning into the teacher education ptogram

(5) The supply and deman( factors in the prospective
. teacher=p¢pu1ation

=1

Other developments in the design anc implementation of teacher education )

— - -8

—programs”are’ 56 Timited as to have little effect nationally. ' o
Reguirements:‘ The increase in mathematics course requirements is
- - “ P ] i .
evident in the content of the preceding teacher characteristics section.

l
Perhaps the moat significant comment is to point out that the recommenda—

/,

L

tions of the various professional groups -- CUPM (1961, 1968, 1971);
NCTM (1973), and AAAS (1961, 1971) -- have had some effect. ~They are
used by the natﬁgnal and regional accrediting agencies (NCATE and state

departments of eié%ition). CUPM guidelines have had the most effect

~
B

primarily because of the regional conferencee directed toward their
implementation and because they were developed with detailed course
outlines. The NCTM Guidelines focus on thé professignal training in
adq;tion to the mathematics background and specify some institutional
responsibilities, but are so recent that they are on%y beginning to

have an effect. They are constructed to accommodate to the teacher-

. training institytion that operates with a CBTE proéram design as well

as the more usual program design. The AAAS Guidelines have had little

effect on mathematics.teacher education program’ designs. l /

The evidence frog a series of dissertation studies indicated a pro-

o

[}
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toward the implementation of the CUPM gvidelines throughout the 19265~
1975 period (Bompart, 1968 Brown, 1972; Cook, 19(0 Copley, 1971; Dayoub

1974 Fisher, 1967, 1968; Foster, 1971; Garnett, 1969 Hunkler, 1971 <

Iohnsgn, 1976; Lightner, 1968; McCowan, 1976; Ray, 1967 Smith, 1971:
Thompson and Poe, 1968; Tiltor, 1967; Vinskey, 1971; Withnell; 1968). The

stiidies suggest that this progress toward implementation of the guidelinesﬂ_, T

holds across a11 types of institutions that train teachers and is being
0» __'_,..,_a_w** \ “
.realized in certification laws as well as degree requirements. The ev-

idence also hints’that the more recent NCTM Guidelines are beginning to

be used also. Both NCTM and CUPM Guldlines are recommended by NCATE for

\
f differences in

institutional evaluations. There is little evide ce

\
. . program design observable,between NCATE and non-NCATE in titutions.

The 1mp1em=ntation of recommendation by CUPM for three mathematics

e E——— - —_— ‘

courses for elementary teachers led to a discovery of the prospective \

. , .
.elementary teacher as an object of research. We have learned that (a)
i

o the morefnathenatics courses taken in high school and/or the better the = | .

°
}
‘ !

.

grade point average in high school mathematics, the beéter the prospective

f . teécher does in CUPM-style courses; (b) the more CUPM courses the pro-

; ) //spective teacher takes in college, the more mathematicF the teacher 1is
: ‘ !

/’ likely, to know; (c) gains in mathematics achievement a&e a redult of

taking CUPM-style courses; and (d) attitudes abou7 ma#hematics are slightly

. higher after successful experience in a mathematics course. These results \\
] N ! ’ I

! >
are not unexpected! '

"

A number of the studies cited immediately above and some others

- rd

(Cﬂlliep;/1972; Gibney et al., 1970 a, b; Reys, 1968a, b; Reys and Delong, ‘
. / ’ -
. 1968) rave tested prospective elementary tcachers' mathematical under-
//standing and/or other factcis relating to their attitudes about mathematics
/ ' ‘
A3 /,/v
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¢

and what ied them to teaching. Generally, prospective elementary teachers

“do not perform‘éignificantly different than junior high-échool stgggnts
N ’ L . / .
A\( on standardizedq tests and make relatively the same kinds of errors. _They
. - S

i —
i

a-do*qot'find mathemati&s their favorite activity. Their performance on - . &-
- ‘ t ' . . ‘\‘-
geometric and algebra?q topics needs to be improved. Students completing '
their colleziate mathematics teacher educatioq'courses are more 11ke1§

l

to perceive mathematics as informal and non-rigid than before entering \
Nt . : ~,

the courses. ' i C \\
| : >

.

For secondary pr%service programs, the effect répbfté@‘in the
P d

studies cited above hés been for an increase in pogt-calcqlug.mathematicé

, /o

and'a decrease - pre-calculus university~level courses. Theory of
) / . ..

\ equations is no longef a'required course; in some institutions, it is not s

S

a topic given ch treatment. Moderh algebra, group theoiy, and linear
algebra are the favored algebraic experiences for prospective jdnior and

senior high school té;chers.

Johnson (1976), whose analysis of cdurse and topic requirements for

prospective secondary teachers is based on a tho%ough_surVey of 60 percent /

. ,, .o /
of the AACTE institutions, indicated a trend toward acceptance of the

hevél II (junior highy and Level III (senior high$ recommendations in that
a differencé in mathematics reqﬁirements is occurriné.\\The typical
. junior high épurs; requirement is for 31.42 semester houfE\on.€E§ averége,
with 33.28 hours.for senior high. Nine peréent of the 1nst;§inons have
a‘spgciai co;rse %or prospective jsnior high school teachers. .
The role of the compute; in mathematics teaching is a mziter of

concern for all of the groups making recommendations for teacher education..

We .have little evidence that requirements in teacher education institutions

- . - .
- ’ 1 82 . ! T -
- E-
| ; . .
. . . A
1] ‘ ]
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‘Wong (1970) reported that transformational geometry is an intergral part

2

Ls

or that state certificatibn laws honor the reccmmendations of professional

groups for prospective’ mathematics teachers to have computer literacy,

let alone having it as a specific aspect of their teacher éducafion ex- !‘f
. pefiencef “This 1s perﬁapsithe-most significant failure.relqtive to.im- o —
piementation of teacher education guidelines that we ﬁave'found. ’
. . Prog;bility and statiétics dourses are seldom requirea, Alghoggh ”
most 1nsti;ut10ns think they should be), ;bcordipg t& seieral surveyg.- P ‘1
’ {

of most preservice secondary teachefis' course work and that the'majo%iiy.
of institutions require at least ong geometry course. !
The CUPM recommendations for secondary preser@ice teacher education

have not led to the same sort of testiné of prcservice.ieachers as they ~ .

did at the elementary level. Thus, no characteristics of preservice . ‘

+ . secondary teachers are reported other than those to be inferred from the

.

course requiréments of 1nsp1tutibns of higher education.

k3

Competency Based Teacher Education: CBTE as a feature in preservice .

! o

Eompetency assessment; that is, competency assessment teaching certifi-

¢ o .
teacher education programs came on the scene in the early 19708 with the -

thrust toward accountability and performance contracting.. It was an

extension of the behavioral objectives philosophy of many generalists}

v !

in state departments and institutions of higher edudation. Maurer (1973%

’

reported that 1¢ ‘states could award teaching certifiicates through

.

o

cates were possible But not required. iis survey/data,-representing 49

staf%s, indicated that nipe states decided not tg use CBTE, five were NS
’ ) I . ¢

undecided, and the remaining 35 intended te lmpl%ment CBTE certification

.
-

progfahs._ Thifty-seven states indicafed that tﬁé responsibility fov

o N /
.. L.
-




.. " Y . %

implementing CBTE would be thrust by the state agencies onto institutions ’

]
.

" of higher education. .

¥ Evidence for the present status of the trenq to‘CBTE is iimlted and -
, somewhat "soft," but our opinion is that the orientatior.to and interest

et - in CBTE peaked about 1973. We find less evidence of interest in the
-:literature, indeed, shere is practically a cessation of CBTE articles. .

_Only one of the 448 institutions responding to Johnson's (1976).survey
:;noted arCBTE program in 1974. Although certification.laws baqed on CBTE
-are on the bdoks in some ‘states, our_perception 1s tEat.they are be’ng
. ignored or not being implemented. CBTE 1s expensive and a significant
number of'ggholars in mathematics education and mathematics are philo-
sophicall§ opposed to CBTE. Given the 2_present state of finances in

——— PR

higher education, it appears that in the immediate future CBTE will not
° [\

. be widely applied. % ) , .-

Field Expériences: The third major trend in preservice educptiou

in'mathematics is of a more significant character than CBTE, in our

°

<

f’ opinion‘"“This‘is the’ trpnd towardincreasing significantly the amount

of field: experience prior to student teaching. Promising Practices’in s

Mathematics Teacher Education (Higgins, 1972) reports 64 innovative
!

preservice teacher education programs. Thirteen of the 21 secondary

.

i programs have required pre-student-teaching field experience; the

-

- experiences extend be,ond passive observation to working with learners
toward specific objectives of the teacher «ducation programs.‘.OE the ~ =

43 elementary programs, 16 incorporate significant amounts of ‘closely

“ »

supervised field experiences with children prior to student teaching. -

_‘rhe popularity of field experiences pr‘-r to student teaching during the

~
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early seventies is indicated by the proportion of claims of innovative-

.

>

ness based upon field experience.
' Pre-student teaching field experience in teacher education programs

is used for a variety of purﬁbsés. Early experience wit? childgeﬁ and e

within schools provides the undergraQuatgs with a realistic base to decide

if teaching is to be their life's work before committing a large portion,

of their undergraduate registration to education courses. The early ex-
.\, ~ <

_‘,~per1ence(estaplishes a touchstone of reality for professional course work

. 2

Laﬁd establiches a relevance for the\mathematicéi topics being learned.

!Manj°of the. component skili§ of teachiﬁg; 3uch‘as tutoring or diagnosis, \
can EF established and practicéh under supervision and hence are learned
more efficiently. Finally,. it provides a clinical and/or laboratory
se;tt:lng for learning about learning and\\teach%ng.

There 1§0considerab1e amount of mysgicism and folklore abou; éérly ®

field experience. Prospective teachers and teacher educators generally

say they feel the early experience has a positive effect and is guod
s Y

for teacher education. For mathematics teacher education there is a
paucity of eviéence that provides evaluative information or that
identifies specific effecté of th; é;rly experience. Graeni;g (1972)

- described effects of early field exper;eﬁces'for a secopdary mathematipé
preservice program, Potiqg that therg were appreciable gains and changes
for the preservice teachers prior to student teaching on a num?er of
measures of effectiveness and attitude. His measures incorporated
evidence of both the preservice teachers and the students with whom

.

they worked. The student teaching experience tended to decrease these

Jgains and to dampen the enthusiasm acquired by the prospective teacher in

L
&
1,
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1

the prior experience. Erb {1972) analyzed the effect on junior-level
prospective/teachers tutoring at the junior high school level.  Signif-

= ' icant changes were noted in the behavior of the pre§er0ice teachers and
in the improved attitudes of those being tutored. Although field ex~

1
perience has been a compcnent of some experiments in teacher education

(e.g., Thornton, 1977), almost no direct evidence of the effeﬁts of early

-experience and how or what it contributes to a total program in teacher
- education is available beyond these two studies. It is not known what
. ) N W !
'constitutes sound. pre-student teacPing field experience or what does not.

This is a major arena for needed research in mathematics teacher educa-

|

for traditional teacher education p-ograms. .

i

, T Laborato;z,Learning, The [ourth major trend for ﬁhacher education
0

during 1965-1975 is the incorporation of laboratory or. activity 1earning

into the presérvice experienceJ either in a mathematics setting or in the

,methods setting. This move in the design of teacher /education programs

is interpretable as an attempt to adjust ,teacher education precgrams to
| \ N -

the orientation toward activity\%earning'in many school mathematics
curricula. Fuson (1975) pointed but that few instructional materials
, of this type were available for tehcher education until the 1970s; she ‘

also remarked on the extremely limited amount of research. Her ex-

i
@

ploratory eva}uation indicated that prospective teachers (1) used na-
nipulative materials to a cons1derab££ extent in student teaching after
the course expe‘riencet (2) increased the extent to which they behaved

i .
in 1earner—focused ways, and (3) thought they had gained appreciabl"

in their understanding of mathematics and enjoyment of mathematics.

U‘ o 16016‘. '
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laborat ry or activity learning as a component of teacher education during

’
g

1965-1975 is based upon limited, '"soft' evidence. No survey data exist
supporting this conteqtion. fhis perception of increased use is based
- upon the significant increase in available books and -other teacher educa-
A tion materials incorporating this approach and the evzhence of the in-
creasing popularity of this topic for teacher education sessions at
p;ofeséional meetings.’

The activity or laboratory emphasis in teacher education.is related
to another development, the 1ntegra€ion of the mathem;tics and methods

-——-—~ - -course content. Stemring in part from a belief that teachers teach as

AN

they were taught, several 1nstitutions have implemented such combination

courses, often with joint staffing by content and methods personnel. A

—— -. .. _ noticable developmental program of this sort has been the Mathematics .

Methods Project at Indiana University (Thornton, 19777. The MMP design
" has a significant field-experience component, with' a significant emphasis

on activity learning. It has been adopted for 1mplemehtation at many

institutions. Such programs will not be widely adopted, in our opinion,

~

until better relat.~aships are commonplace between content teachers in
mathematics departments and methods teachers in education dcpartments.
Tnis factor keeps such integration from being labelled as a trend.

. Teacher Supply and Demand: The fifth major factor affecting pre-

service teacher education during the 1965-1975 era is that of supply and

demand. During the 1v¥55-1965 era, shortage prevailed as the orienting
factor for school people and for teacher educators. During the 1965~

1975 era, the supply factor reversed dramatically. A state of ovar-

167 | |
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supply of teachers existed in the early 1970s according to all analyses

{see Carroll and Ryder (1974) fqr a listing and comparative. analysis of

\

several supply and demand studies}. The most interesting factor 1den—

\
pified in the supply and demand studies, apart from the oversupply factor
in the 1970s, is the development of some new trends in the occupational

choices of undergraduates. Carroll and-Ryder (1974) reported a significant

decrease in the number of freshmen (both men and women) indicating teach-

N ‘ . 9 -

ing as a career choice, based on surveys from ﬁ967‘through 1974 conducted

by the American Council on Education (ACE). There was a decline by 1972
to between on third and one half that observed in 1968. In 1972, for
example, only 12.1 percent of the entering freshmen were considering
teaching as a career choice. This trend holds for both elenentary and
secondary levels, but for the latter does not reflect data specific to
mathematics teaching. Carroli and Ryder do 1ndicate some problems with
the ACE survey techniques but p _ject that this f;ctdr may contribute
significantly to tha supply of teachers in the 1980s. Mest p;ojections
of teacher supply and demand figures, however, have assumed that the
pattern of approximately 35 percent of the bachelor's degree holders being
trained teachers would continue.

Another assumption implicit in projections of supply and demand made

in the early 1970s for the 19803113 that unemployed, trained teachers

e A —— S ARASRL A WA L« R gAY e AT S B S o A S AR T St —— o S s e

in the "reserve pool" would be willing to enter the teaching profession;
this assumption may be specious. Little evidence exists 1nd1cat1ng the
portion of people in the reserve pool who are willing to enter the teach-
ing profession five or more years after their training was completed.

Even if they are willing to enter teaching at this point in their lives,

165




the effect on the schools of their out-of-date training is not projected.
There are no projections of teacher supply and demand Eactors that

) | are specific to secondary-school mathematihs. One can infer from.the
present characteristics of secondary teachers that 14,peféé;é of the
teachers in the secondary schools will be mathematics teachers (Magers,
1977). 'However, this does’ not provide much evidence concerning supply
"and defnand. We do know that the cohort of undergraduate majors- gradua-

" ting in the mathematical sciences--the source of beginning-secondary

teachers--peaked in 1969-70 at 27,400, decreased until 1973, but appar-

ently has maintained a constant level .of 3pprox1maﬁely 25,500 through 1975

- (NSF, 1976; Simon and Frankel, 1975; Simon and Fullam, 1970). The in-

creased percentage taking training in combuter science fields in the

early 1970s suggests an increasing number of mathematically trained

p<isonnel (a) are entering industry and (b) are not to be counted as
potential secondary-school teachers of mathematics. We suggest that the

evidence weakly indicates that the oversupply of mathematics teachers

is not nearly so dramatic for secondary mathematics teachers as for other
secondary teaching fields or for elementary teachers. Carroll and Ryder
(;924) warned that "if and when the surplus ends, the inertia in the
sysgem of supply and demand will lead to the almost immediate unset of

a teacher shortage."” They projected a continuation of the trend cf de-
\

7creasing production oé new teachers tuat 1576bservable from i967 to 1974. - )

«

The limited evidence of declining undergraduate enrollments in mathemat-
1 4
ical sciences and of anapparently growing portion of those majors enter-

ing industry suggests that if a teacher shortage develops, then secondary

mathematics teaching will be among the earliest tilelds specifically .

169 ? . ‘ c'
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-affected. Unfortunately, the supply and demand. data for secéndary teach~
ers provide no information specific to the various disciplinary fields;
"projections are based upon, "guesstimate;; at best.
The writers find the lacunae in the teacﬁen supply and demand
figures upsetting and°startling. We have found no firm data concerning

the number of mathematics teachers serving in the schools at the secondary '

level and have no idea of how many of the undergraduate majors in mathe-

matical sciences are certified for teaching. Supply and demand data for

secondary mathematics teachers are non-existent. Projections must be

inferred from non-field-specific secondary teacher preparation data and

[y

from manpower supply data that gencrally treats the mathematical sciences.

These two sources of data sé;m of doubtful validity when one realizes
the variation from year to year concerning the same facts reported in
annual reports by the same agencies. We conjecture that no trustworthy
set of data exists, even reflecting the historical facts that could be

e, .
. verified, that iswithin a -ten-percent-level of accuracy. During the early

1960s there was a U.S. Registry of Junior and Senior High School Science

and Mathematics Teaching Personnel that provided a glimmer of what was
happening in the schools. No comparable data pool presently exists.
By way of summary of the trends‘in the qevelopment of preservice

education programs, five areas of import are apparent in the literature

kd

‘ reflecting the 1965 through 1975 era. The followiﬁé—é:ﬁEIGQiggé appear

3

warranted:

(1) There has been a significant indrease in the mathematical
requirements for both prospective elementary and secondary
school- preservice teachers matched to a limited extent by
increased in the professional components required for
graduation and certification. Little evidence of -the new




e - €

secondary-school mathematics teacher acquigihg computer
literacy as a requirement for tertification-can be found.

- »

(2) Competency~based teacher education (CBTE) enjoyed a b:géf

but significant moment of influence in the design of teach- °

er education programs. Present, limited evidence indicdates
that interest in and commitment to CBTE and its implemen-
tation is on the wane.

(3) The trend toward requiring more field experience prior

) to student teaching that began in the late sixties is
becoming a norm in the design and redesign of teacher
education programs for both prospective elementary and
secondary.school teachers. This is the case even though
no significant research base .supporting an ‘increéase in
the field experience or information concerning its effect
on prospective teachers' exists. ’ i

(4) 1Incorporating an emphasis on laboratory and/or activity
learning in both the mathematics and the professional- °
education portions of teacher education.programs at the
elementary school levels has increasingly become a feature
of teacher education programs.

(5) The trends in supply and demand indicate that during this
: period we have moved from a state of undersupply to a

state of oversupply of elementary-school teachers and that
the supply of secondary-school mathematics teachers is
about five years out of phase. The trend of fewer fresh-
man-level students in higher education indicating a desire
to enter teaching as a career, coupled with fewer students
majoring in the mathematical sciences, suggests that the
state of oversupply of secondary-school mathematics teachers
may change rapidly to a state of undersupply.

2

In-Service Education, 1965-1975

In 1965, the National Science Foundation invested $37,000;000 in

the in-servite education of science and mathematics teachers; in 1975,

y . -
funding of in-service education efforts through the Foundation was

terminated. This dramatic turnabout in the ten-year period is the
single most significant factor in setting the trends and patterns in

the in-service educéfion of mathematics teachers during this period.

o

The "publication of the Found:ition entitled Science Education--




k)

The Task Ahead for the National Science Eoundation (NSF, 1970) delineated

the points at issue. Evidence was presented (p.14) that the new curricula

-~

were being implemented massively across the nation; that is to say, no

more effort need be’expended for curricula implementation since it was

-

happening. The task of teacher education is specified as primarily a
.2 1 ' - :

matter of Subject-matterl"upgrading", and the Advisory committee rec-
h'ommended continued institute work as .long as new participants\can be
found and the subject matter was "genuinely upgrading.! Otherwise, it
was recommended thatftéacher education effort of the Foundation be
lim;fgg\to the innovative (p.13). The Advisor§ Committee further rec-

_ommended that the important place to modify teacher education was at

°
~a .,

the preservice level, since without attention to this factor the nation
must automatically be locked into a "retread job" of teacher education
at the in-service level (p.28). .
Interestingly, the Advisory Committee failed to recognize the effect
of the academic-ear institute programs while condemning professional educa~
tors and schools of education for "encrmous resistance" (p.28) to
dramatically improving preservice science education.’ An NSF staff ﬁaper
(NSF, 1972) showed that 58.4 percent (approximately 9,300) of the aca-
demic-year institute graduates\for the period 1956-69 were significantly

involved in teacher education, with oniy 20 percent being limited to"in-

service work within their own-school system. That is to say, the aca-

@

demic-year institutes had aramatically ehanged the staffing patterns (and
the values) of teacher.edJcators in the institutes of higher education.
Thus, we concluded that the judgment of the Advisory Committee for Science

Education in 197C was specious to say the least.

/
>
/
;.

166" 172‘




Retrospect provides additional insight, however, into the effects

‘.of the cessation of federally funded activity in in-service education

after almost twenty years of heavy involvement. The NCTIM publication

-

An In-Service Handbook for Mathematics Education (Osborne, 1977) identi-~

- fied several factors stemming from the federal involvement that were of

{ e

s iﬁbort in the mid-1970s. P.imary among these is that mathematics teachers 1

came to expect an institution of higher education to prepackage in-service

’

work and thereby lost the skills of identifying needs and planning in- .

service to fit those instructional and curricular needs: Second, teach-

°rs came to expect that not’only would in-service work be designed for
them, it would be provided and paid for By someone other than themselves
ér their schoo> system. Third,, the national surveys reported in the _ .

Handbook indicated that teachers expect in~service education and want it. .
' -~
Thus, by 1775, the twWenty years of summer, academic-year,and in-service -

;

institutes ad-established several precedents and firmed teachers' (and

Y

school systems) expectations such that in-service education became an

T 1ssue. -

If the precedents and expectations are coupled with the fact
(according to the Handbook) that the learnings required for effective
teaching -- in terms of the knowledge of ma%hematics, research-based
cheories of learning and teaching mathematics, and the skills of teach-

—--ing -=~~gare—far—inmexcessof whdat i possible in a short four="of Tive-—" """~ ~ 77T
year preservice prog%am, then 1n-sérv1ce education becomes significantly
important. The compelling evidence of the NCTM In-Service Pioject
surveys 1s that many teachers attain tlhieir second professional degree

v

before ten years of their professional life have passed and that they

’ 173 o ,
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N . ' N
have a stroﬁh perception of need for further in-service experience through-

.out their remaining 25 to 35 years in the profession.

*
i

As noted previously, the NCTM In-Service Project surveys indicated
that the critical factor in determining teachers' perceptions of the

effectiveness of in-service education is the extent to which planning is

.

participatory. If teachers' judgments of need are incorporated into plan- '

ning'a program fitting their curriculum and their 1ns§ruction, then they
are significantly more-likely (the chi-square statistical tests were ;t
the .00005 level of signi%icance) to feel their in-service experiences
were ;atisfying and to feel positive about them. The respondents were .

highly critical of in-service programs that were so géneré}itha; little

. g - -
help in teaching mathematics was provided. There was a pronounced

b

discontent with programs that were either tco mathematical or too"method-

~

ological.

~

»

The evidence of this survey, and a prior pilot éurvey, indicated
that teachers are interested in in-service education that helps them
deal with motivation and helps students with attituainal froblems. For
the majority of elementagy— and secondary-school mathematics teachers,
topics of a purcly mathematical bent were not as popular as those in- .

corporating aspects of the teaching and learning of mathematics.

The survev evidence indicated that if_ teachers were employed in a

schoéi system having an individual responsibility’ for in-service educa-

tion in mathematics and/or a developed in-service program, then they were

more likely to have participated in in-service, to have found it use-

ful, and to haye fewer gripes. They were also more. likely to recommgnd'
3

that in-service be required c° all teachers of mathematics at either the

- o .
.
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elementary or seconﬁary levels. ,
. The evidence is that teachers who work in a school syétem that

encourages 1n—service education by_oné means tend to be in schools that
encourage it by several means. Tﬁe major factor that teachers would like
to see encourage\ in in-service eﬁucation is released time, but only 44
percent of the e#ementary respondents and 39 percent of the secondary
respondents repo%ted that their schools can or do provide this. Follow-
PP activities in their,school and in their classrooms for in-service
activitied was a ?ey factor in QSSuring.the teachers' perceptions of
success of infservice programs.

We can'conclude that the surveys present a picture of a typical

mathematics teacher, at both the elemertary- and secondary-school levels,

as one who wants to behave as a professional sharing in professional |
decisions. This attitudinal factor of in-service educatiop is important

and one that should be capitalized upon according to the evidence of the oL
surveys. One senses ;'positive expectatioﬁ for in-service that must not

be compromised and that helpiﬁg teachers realize their professional ex-
pectations through in-service has an attitudinal-impact extending beyond

the specifics of what is le;rned in in-service education.

In fact, little evidence exists that ;n—s%rvice education makes a
diffgrence in chiidren's learning. The studies—addressing this problem
ar;nfew and far between. We do know>that—the“NSF“institute~e€fort—change&—————
teachers' mathematical competencies and @as a significant factor leading
to the rapid i ‘ementation of the new curricula such as SMSG and UICSM.

This does not su, that the teachers™became more skillful ‘and/or more effec« .
L4 o4 -

tive in teaching mathematics. A lagge number of studies have evaluated the

-
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,\/ institute programs of the various institutions of higher education (fdr

example, see Bradberry, 1967; Connellan, 1962; Corbet, 1976, Davis, 1973;

Flelds, 1970; Gray, 1971; Hand, 1967; Heideman, 1962; Irby, 1967; Jolley,
‘1972, Maitiﬁén, i§68; Moore, 19;2; Ro&e, 1968; Schlessinger, 1958; - -
Séhles;inger'and Helgeson, 1969; Scﬂuler; 1963;‘Stokes, 1971; Swadener,
1970; Whitaker, 1962; Qiersha, 1962; Wilson, 1967; Yon, 1960). The typical
—*~#~‘§fﬁi§f€1§ﬁer (a) was a follaw-up of ﬁnstitute participants asking them to J
évalugteokheir expefienhe in the %nstitute, or (b) 1?qu1red about their !
professional life fbllothg the institute. “Overwheﬁmingly, the evidence‘ /
’ ’ is that participants were positive about the 1ns£1£ute experience. There - ’[\
® \ is  considerable evidence of significgnt professional 1life, in mathematics

\ education following institutes and some evidence that pafticipation led

\ to curricular changes in participants” schodls. The professional stature .
7 \of participants was improved in their schools. However, the majority of
— , o
’ studies offer little geﬁéralizability; they are simply one-shot case '

{ . .
dtudies of little import. -Gemerally, the writers concluded that the
. , «
. . /
overall evaluation of the institutes is a pos.tive evalugtion of in- -

Y

R . service; it should be noted, however, that the design of the studies
I
seldom allowed for ather than this outcome. Y

The two institute follow-up studies (Zeddieé, 1972; Joyner, 1974)

that examined the attitudes and aphievement Ef students of teachers

; \ ‘
,"__hmh_ﬂhg_gg;&igjpgjﬁduinwiggt1tutes provided weak suppoﬂtive evidence that

in-service participation helps students' achievement. Neither indicated -

¢ |

related changes in student attitude. The Willson and ‘Garibaldi -(1976)
k4

+
»

study described earlier also provided evidence that participation in in-’
) ‘ Ly .

. Oy

service promoted student achievement in mathematics. I .

$‘

¢
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T effect "of in-service on student growth in mathematics is ’shown | /

' most convincingly by an evaluation of an in-service program'conducted

<

_ for elementary, teachers by the State ﬁoard/of‘Education in ‘California’

, (California, 1972b).:- This large study matched elementar&-teaéhers

- had ? - .
. . . ¥

participating in an in-service education program for one, two, and three

-years with peers who did not.. The results show/improVement in the per-
d

i formance of the institute teachers' students in mathematics. In a°st b A
| .

; of in-service programf in. Maine, Greene et al. (1976) teport .that summer
t

7 - bt

in the schoois during the academic year, but not if that feature was%

1

)

- R

- - »

misising. - v . t

‘Thus, the evidence is supportive of in-servic:: education making a o
difference to teachers and their backgrounds. Hcwever, it is'only

-
.

weakiy supportive of changing the performance of the teachers' students :“ y
1

and does not reflect change 1§ teachers' instructional practice. 1In

in—service had an effect if there was a carefully designed follow-up . Y

' fact, the research to collect evidence of the effect of in-service on ’ ., ‘/'< ", ,

. y ' . =
student performance or change in classroom practice of teachers simply _/_
|

has not been done. ' J
The pattern for in-service program design in 1965 was that estab-

' lished by the national Science Fou\dation. During the” late sixries, ol :

Y
~

‘ rthe Eﬂundation and the USOE, on a 1imited basis, both experimented with - /
"mwm_ﬁneiw~inyoiuement«o£tlocal'school peopJ;\in/the planning of in1§ervice pro- -

grams. For the Foundation, this was the Cooperative College~-School Science!
Program, ' requiring cooperation and support of local schools with the | . °
institutions of higher education, These programs were basically oriented f_ ' :

. X ‘0\ [
~— * toward the academic advancement of teachers coupled with salary incegtives

~

L o 1_?’N{ BT G
. . ’ " | ) . . )
e © - .
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derived fzom improved degree status. ‘By 1975, with the, cessation of feo~

. -
' 4

eral funding for in-service in mathematics, schools were becoming involved

. \ * . .

in designing and conducting in-service on their own. Some interesting

and aotentiélly significent°precedents and trendsware being established.
. > e

M -

‘Sowe of, these are: . . . . 4

. (1) -Minnesota and Fennsylvania have both passed laws formalizing . e

D a mechanism for locally designed and implemented in-service -
programs providing master's level equivalency credit for
teachers toward enhanced salary status without participation .

Lt in an advanced-degree program at an institution of higher

¢ -+ education. ’ . . .

(2) with the commitment to metrication,. some states paiticie

' pated in a consortium—designed effort for in-service . . ) .
education that utilized a-multiplier effects That is, . ° ,
at the state.level a cadru of .professionals was trained " "
to train other. professionals to conduct in~service on

.. " teaching the metric system in the rlassroom. The .', ‘
design ultimately trickled down to representatives of :
~ each school building in the state. N \\\\\ )
. R i > B

(3) S wveral states began experimenting with systematic . '
efforts to provide in-service education., The National | - ) ;-
‘Science Foundation established comprehensive systems " , \,
utilizing and encounaging cooperation between irstitutions !
of Higher education,/the schools, and.the state department

in Oregon and Delawate {see Stufflebeam (1974) for a .
telatively complet : description ard evaluation of the .
. . systems approach} A comparable system -decign with varia- .

) tions is in evidence in Arkansas and West Virginia.
Utilizing the services and cooperation of many professionals
in mathemdtic educs~ion in many institutional and agency
roles,/the systéms agproach appears successful in serving " ,
. the neéds of many teachers. . .0 .o
(4) Seve{al states ‘have usea ESEA- 1965 funds to establish
in ermediate school districts that offer services in R
, -servire education for mathematics teachers across”® = -~ .
. / locat school district boundaries. Georgia, Florida, ’
Ve Iowa, and Pennsylvania are among the stat :s fcllowing
. g "this organizational administrative pattel n if serviug A
- /V/i " pon-city school system teachers. No comprehensive
‘ .evqigation of this regional design has been conducted.

& N -

(5) ‘Ingtituticns of higher education are experimenting with . f«
T different registration and course arrangements to attract :

SRR [ 7;
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teachers--some spread courses out to span the entire school
year, others tailor in-service experienccs to the neuvds of
a local school system. and others are experimenting with
marketing services to schools without the requirement of
academic ~redit. The latter arrangement is not possible
for many institutions because of the fee structure that .
provides the liyelihood for the university.

. ! v -—
We opine that tpe experimentation with different structures and

mechanisms for providing in-service’education is a healthy state of

affairs.

Clearly, the traditional academic master's degree route to in-

service is not serving the needs of many teachers--particularly those

who earn their second professional degree at an early age. The evidence

(Osborne, 1977) is that the in-service aspirations and needs perceived

by elementary and secondary teachers with significant professional

backgrounds is as prbfound as for the less experienced and less adequately

trained.

v s ezma

2

o

Factors Affecting Lucally Spoqsoréd School In-Service Programs, 1965-1975

Toward the end of the 1965-1975 era, it became apparent that

school systems would have to assume increasing responsibility for in-

service education. Several factors have been noted that have profound

implications for locally designed and 1mpf%mented-inoserv1ce programs:

¢V

Frye and Dalpon~(1977) noted proolems in the leadershio

Eapabilit§iof indiviguals in loégl.school éettings. Indeed, for
secondary schools they identify the ineffecéiveness of
;;thematics department chairpersons as a m;jor weakness

in assuring in-service education for secondary teachers.

By reasons of administrators retaining power and not

delegating time and responsibility to department chair-
178
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persons, and because of inadequacy of t¥aining for .

leadership, department chairpersons are ineffective

as in-service-educators. ' -\

The NCTM In-Service Handbook (Osborne, 1977) identified
N '

i

the design and implementation of training inxservice

program managers as a ‘matter of/hiéh nationaf\priority.

!

The advisory committee for theiNCTM In-Service\Project
based this conclusion on the tﬁrusting of inmservice
education into the schools, the evidence that teacbers
7respcndupetter to locally designed programs base% on
identified programm:tic needs, and the evidence tnat
many supervisors for mathematics education have li;tle
training specific to their responsibilities
There is compelling evidence that many super:isors of “
mathematics, the primary implementors of in-servicej
in ‘the schools, are finding their positions in jeopardy
The NCTM In-3ervice Pchect‘surveyed supervisors of‘
mathematics as well as chers (Osborne andmﬁowling;
]977b) Thirty-seven percent reported that recentlyx
their school system had seriously considered doing avay
with their position because of budgetary problems. Qhere
lis also an alarming-tendency to replace subject matte%
specialisfs with generalists--a trend encouraged by many
state laws concerning the certification of supervia;rs.

Finally, there is the matter of budget for in-service’

education. The NCTM In~Service Project survey of

15




supervisors had a 74 vpercent response rate--the 549
supervisors responding served approximately 150,000
teachers who work with almost 9 million students.

Following are the percentages of their responses-to

the query: "How much money does your school invest

in in-service education (exclusive of supervison's

salary) per individual teacher?" -

0¢ per teacher 10.4%
" 25¢ per teacher 14,62 >~ T
50¢ per teacher” . 10.2%
$1 to $5 per teacher 41.3% ‘
m;re than $5 per teacher 23.6%

¢

One must question both the quantity and quality of in-service educatjion

in mathematics that can be provided bv t': supervisors (35.2%) who in-

vest less than a dollar per year per teacher in in-service education.

And only 28 percent of the supervisors indicated any control of dis-

-

cretionary fu.ds for in-service education.

The budgetary factors associated with in-secvice at the local

school system level is reflected in the data conceérned with the time

" supervisors can devote to in-service education. The percentages of

supervisors responding to the questions, '"What pefcent of your time

-

is given to in-service?" _ and '"What percent of your time is given to

administrative tasks?" 2v> given below: .

Percent Time Given to " Given to
of Supervisors In-Service Administration
10% 53.7% T 10.7%

207% 26.3% 28.3%




;o e T

407% 10.3 % 32.0%
55% 7.0% 16.5%

< '
70% 2.7% 12.4%

. Another factor impinging on the capability of the supervisors to
érovide 1n;serv1qe and the budget for infservige is the increased teacher
militancy concerning salar& and welfare issues. In-service education
was reported by 35.2 percent ;f the supervisors as‘a point of negotiation
when teacher groups bargain for new contracts. Sometimes the Bafgaining -
concerned the kind of in-service program and its content; more often
the teacher groups (ar’ the school's administvation) appeared to be
willing to trade the money for in-service and supervisors' salaries
for salary and henefits.

« In conclusiv* the evidencé indicates that the supefvisor 1s a
critical factor in providing quality in—iervice education at the 1$ca1
1eve1.. The s;rveys of teachers indicated that local leadership is a
key vériable affecting their percepticn of in-service educatiPn. With
th; decline of federal funding for in-service education, the supervisor ’
becomes a éritical factor in providi%g in-éervice for mathematics teachers.

The evidence is that few programs exist thaé are devoted to the training

and ecucation of super.isers or that provide them with significant help

in dealing with their admittedly politicul responsibilities. ’

®
' ‘ PS
[3
< o

LN

Final Reflections or In-Service Education, 1953-1975 .

N In-service education has in ;ome senve served as the impetus fc} ;
reacher education throughout the 19:5-1975 era. The in-service programs
of the 1950s and 1960s served to‘specif" the nature of the preservice

192
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program redesign. As teachers became more concerned with the noh-éollege-

-
° - -

bound segments of the school population, and as teachers also acquired

better backgrounds in mathematics, a disenchantment with the traditions

°

of upgrading and retréading their mathematical ‘training became apparent
in the teachers' attitudes and perceptions. Indeed, there is some °*

ke
evidence that teagnérs are begirning to distrust in-service through

“institutions of higheyr =ducation. Post, Ward, and Willson (1976)

found that teachers' (and »rincipals') perceprians of an idealized

y

mathematics “eacher were not congruent with mathematics educators' and
mathematicians' perceptions of an idealized mathematics teachers.,
Teachers have a profound distaste, for the administrative hassles of in=+

service red tape in institutions of higher education. They want in- :

. ®

service specific to their, instructional and cutricular needs. A signif-

-

icant majority already have a second professional degree. In-service
& -
education in the 1970s appears to be more effective if adjusted to

acccumodate to the iocal school setting and if the participation of

)

higher eduEation is controlled accord:iagly.

. - . .
® We are at variance with the NACOME Report's emphasis on preservice

education and comparatively light-weight treatment of the problems of |

. in-service education. The evidence suggests that NACOME reverses the
\

- kS
’

priorities if teachers' performance and attitudes are to be improved.

4

In like manner, we argue that the decisions of the Science Education
Advisory Committee for NSF i 1970 igﬁbred the evidence of needs in the
schools and the cha-acteristics of the (teachers doiﬁg thie majority of

[~
teaching cf mathematics to school-age children.
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Teacher Education: . HIGHLIGHTS
. !
#The mathematical background of students completing preservice programs

“ P <

. for elementary- and secondary-school teaching has increased significantly

L)

&

]

during the twenty-year period, with the character of that mathematical

“

experience reflectiny the current curricula in the schools.

e Teachers are acquiring a second professional degree in greater percent-

ages and at an earlier age than ever before.
o I h - ’ j

e Teachers want in-service educatior and prefer that it be related tos
. programmatic and instructional neuds in their schools. .
. . . . 4 .
® Teachers prefer in-service education that is neither purely mathematical .

: . nor purely methodoiogi:al. Vo “

® The massive sponsorship and support -of'-in-service education provided by
the federal government during the 195Cs and 1960s has changec the

expectations of teachers relative to in-service education.

!

eLeadership for in-service education at the local school lavel can

»

appreciatly change the character of in-service education and the teach-

&

ers' perception of the worth of in-service cducation. )

° v .

¢ oo -

#Research provides little evidence that participation in in-service
' s

education improves the effectiveness of teachers.

y

eCompetence of teachers, when assessed in tarms of promoting mathematica®
growth in students, is -aprarently related to a complex interaction of an

. assortnent of factors rather.than being simply related to a limited

-

number of factors in linear combination. Mathematjcal background and

"

attitude toward nathematics 2s characteristics of teachers do not account

- . .
<

T L ,1
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« < .
for a substantial amounf of the variance. in the performance of the

¢

»

‘‘teachers' students. . . -

N

a . "

.#CBTE does not appear to be a significant facior of sustained impact on \

teacher education programs, at least for the immediate future.,

N

eComputér literacy and the background to use the computer in the teaching

- N L S
of mathematics is not a component of certification requirements in most
. : \

-
N\
N

states.or in the institutions that train teachers. -

\ &

-

sThe most siénificant trend in reacher education at the pregé{vice level .
N .

-

is the move toward incorporating pre—stuﬁent-teaching field eibgrience
a ' \

in mathematics education as a méjor modification in prégram design< This

-

trend is being accomplished because it seems "sensible" rather than ' R

i -

\

N

because its effects on the prospective teacher are known or verified..

eThere is a significant trend toward including laboratory or activity AN

¢ .

1earn1hg emphases in both the mathematical and the methodoloéical

3 U

teaching. - ’ ' \\i

phases of prospective.elementary teachers' academ<c preparation for

’ .

¢

eThe teacher shortage characteristic of che 1950s aud 1960s has given way

) o)

to oversupply in the '970s, but fﬁe_evideﬁcehsdgggsts that the oversupply =
. . 4 -
of secondar, teachers in particular may rapidly. give way to undersupply

. .
in the near future. Significantly fewer freshman-ievel students are

[

indicating teaching as a career chouice.




e

~

~

IV.‘Needs Assessment Efforts

.
- ©

-

}In 1955, "needs assdssment" was not a term common in every educa-

tor's vocabulary. That did not mean that needs assessments were not

conducted; however,- efforts were largely informal and unheralded by the

N

N

termg/ Needs"wereoassgssed in terms of a particular purpose, used for that
purpadse., and not necessarily preserved once the purpose had been achieved

Reflections of needs are evident in a variety of sources, including

journal articles, conference reports, legislation, committee,recommepdaJ'

<

-tions, guidelidésf trend analyses, and achievement test.data. All but

the last tend to involve goals, and this is the type of assessment to

which the term "needs assessment" will be applied in this section. The

s Y

term "progress assessment” will be used in referring tn achievement
and other status testvdata.

Thus there is correspondence with two definitions of educational

-

need in current use: >

(1) what is thougnt should be minus what is, thought to be - - -)
8

needs assessment ' ,

(2) Desired learner status minus current learner.status - - -)

A
progress assessment

-

o

i
B ¥ i oE
A. Needs Assetsments: Naticnal Concerns . v

. 1

Planning documehts and other evidence of concerr for needs assessment

» N ¢

have been cited throughout this report. The year 1955 saw the’appoint-

ment of the CEEB Commissicn 6n Mathematics as a response to thg needs

. -

being expressed by two groups. Jones and Coxford (1974) noted that the

éub11¢ was being told in magazine articles and books that the curriculum

*, s,

-, < Pl

- 1sg
0
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-
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was not sufficiently academic. Mathematicians and mathematics educators
were increasingly aware of the need to restructure the curriculum to'meet‘
both mathematical and methodological needs. -

The Report of the Commission identified specific needs and proposed
o , .
..a set of recommendations to upgfade the secondary-school curriculum,

emphasizing , ¢
a balanced preparation in concepts and skills, de-
ductive reasoning throughout the high school, the
display and use of mathematical structure, corre-
lation of equalities and inequalities, stressing
of vnifying ideas in mathematics such as set and
fvnction, and special suggestions for réorganizing —
zeometry, trigonomatry, and twelfth-year mathe-
matics. (Jones and Coxford, 1970, p. 73) '

Evidence (e.g., Williams, 1970; NACOME, 197%) has been presented that the

3

recommendations were largely implemented.

“Action on the recommendations, and analysis of other needs at
L¢ . h the secondary-school level and the elementary-school level..was

@

pursued in great part through conferences and committees, backing ' )

curriculum developrent efforts. Table 2 presented a list of some of the

mAjor conferences, most of which ﬁdentified specifié needs relevant to

a particular focus. Thus the Snowmass Conference on the K-12 Mathematics

Curriculum (Springer, 1773) identified the need to:

irprove cooperation between the matnematics education
community in the university and that in the schools

examiueﬁsocietal needs and delineate the goals of

mathemaftics education to provide a basis for curriculum

develdpheut
g &

support promising innovative preservice and in-service
teacher training . . .

©

improve implementation of basic research findings into
the curricula for teacher education ond for school students

1&7
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@

prepare topics with significant applications of mathematics
suitable for K-12 . .

provide instruction in statistics at. all levels

establish computier literacy as one of the objectives t
of mathematics education

3

develop new techniques for assessing programs and =
~student performance . !

v

?he Txllahassee Cohfereneeo(19?3) citee-the Eeed to strengthen
problem-solving abilities, meaningful app}icatigns, interdisciplinary
or integrated curricula, probability-and statistics; the Place and role
of computé}s qu calculators, research on cognitive development and

learning processes, lirfkage of research and curriculum development,

. L
identification of goals and objectives of mathematics instruction.for g

general education, evaluation, and teachers' professional competency.

L needs of seciety -;5 real-1ife applications

’

Each conference could be considered in turn, and the neeés identi-

fied by each listed. But it became apparent that each has delineated”

needs pertaining to one or more components of a basic model:

- -~
c.. ) K

[4
L3

impact of technology

needs of the subject -> content
2 : . methods
needs of the child -» psychological
o : enyironmental o .
o s g

Many of the points which were cited by the Snowmass and Tallahassee

Conferences had been cited in previous conference reports. The value

Al

iudgment of the relative importénce of the needs and how to cope with
-8 P

~

the needs were the.real issues.

v
L - ~

. Conferences sponsored by mathematics organizations and b& federal

1 . S

agencies -have had varying impact. The Geofgia Conference on Needed T

182 188 ) . :’ “
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.Research (Hooten, 1967), for instance, gave-an impegus to mathematics

eaucation reéearch which, it is widely felt, has b’en felt continuously

since then. Many of the conferences led directiy/to cyrriculum develop-

ment programs. The report on the Cambridge Copférence on School Mathe-

)

-~

matics (1963) shocked many into discussion -- yet appears to have had

little direct impact on ary but’ a few experimental projects. The Euclid

2 [l

Conference on Basic Skills (NIE, 1975) attempted to.explore fhe wide

o e , -

variability in defining such skills -< but what type of impact the

conference report might have is as yet unclear.
Various surveys have also provided ap assessment of needs. Not \

the least of these is the Gallup’éoll. Those interested in mathematics

!

educat lon are prone to believe that the public is highly concerned about
. Pt

v

°

the teaching of mathematics. They are concerned -— but, comparatively,

matiematics and other academic subject concerns rank below many other

\ L4

< factors. -As was noﬁgd'in the 1975 NCER}Report,J

‘.
s

>
Educators, the Congress, and the American public - "
voice many concerns from different perspectives.
One listing of problems is provided by the annual -
Gallup poll of public views on education. The 1975 .
poll lists the fullowing_in the order reported:
.~ lack of discipline; integration/segregat1on/busing;
lack of proper financial support; difficulty of
getting’ good teachers; size of school clussrooms;
,use of drugs; poor curriculum; crime/vandalism/ .
stealing; lack of proper facilities; and pupils' * .
- lack of interest. Another list might inclyde such_ 3 -
problems as the failure o€ education to relate to
* employment needs. (NCER, 1976, p: II)
2 . ¢ . .
Curriculalr concerns are noted in general; instructional concerns are |

"

far lower on the list. Mathematics per se is not cited: The same

FS
patt%Fn prevailed aé;3§§ the years in such polls, which, admittedly, 2
AV -

are not intended to ‘assess concerns about any spécific curricular”

¢




/// / matters. Similar concerns about federal control have also typically

/f been noted through thefiearsdf (For an-analysis of eight years of
;;/// cumulative results from'the ﬁolls, see Smith and Gallup, 1977.) _

Recommendations about mathematics have frequently come from mathe-

matics educators. Th&s Mayor (1966)'solic1ted recommendations from Co

. 7

22 mathematics educatién'leaders inyall parts of the country. ‘' The needs , -
mentioned most freguently were: . ’: ] /

B (1) Improved programs of pre~ and 1n—ser61ce education in ]'
mathematics . for elementary teachers '

(e - ~

(2) \Incrqased use.qf teachers with some specialization .
s s in mathematics g . _ * R

o
,

N (3) Research/in the learning pf gathématicg ) ) . S .

. . v ) . ’ ¢

. Among needs cited by fewer respondées were: ‘ . [

» @

. - (4) Articulation of mathematics with othex subjects, and ,/’ s .
across grades - e B A L0

(5) Goals’s;atéd‘in behavioral terms SR .-
. - o N . .
. (6) Supervision of mathematics programs in all grades o '
(7) Grade placement of topics

o

(8) Assistance with methods of teaching o

* . 9) Spécial curricula for slqyer'pupils ‘. s . TS
(10) Evaluation a . \\.__e/j ‘ e T e a S
. (li) Use of new é;chnoibgy o ' ' T ?’o -
o ) It is }ngeresting to note that élmost all of téise items havg hadismn; "‘\:—?Ei; !
; atte .tion directed toward their resolution: -- yet-most'would_é;qbably .: ‘ / " :/
L . turn1§p in a similar polliig iu i%??., .f .o .,’l 7,. ’ ( -

/ Harding (1969) identified groups of mathematics educators; secondary-
\ school mathematics teachers; school administrators; scientistg, engineers,
‘ . N . . .

’

W
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Qmatical

Ll

a total of 625 persons).
each person rated the importance of each objectiVe¢

‘the objectives as perceived by ma;hematics ®djicators included q objectives

the upper third‘ﬁor‘mathematics‘educators:

;ihvolved:

.

¥ ccormon formula's . . higher
. ’proofs ' . o y by‘ "
. T ’}geductive reasoning Ry o K mathematics
. - .. . — *

X 'fattaininé attitude of respect'for.knowledgef . eéucators, / i
*capabiiity for 1ogical,‘ragion i ictiong hw. mrankéd ﬂ? . ; ‘
: organicing statementslin logi al pseq:ence .1oJer . f/: .
% 1é§braic,terms and- symbols - ‘ by | e Y
'i

_

{
SucH

|

‘It can ue -of particular concern. when the\xaﬁkings of educators and tax-

o
-y

payers a

-

between

attempt

of the '

SET

, . .. . . _ Jd .
and mathematicians; [roféssors of_educa%iog; students; ‘and parents (for '

=

. «

e d1: &k
- . “l

¢ objeicives ranked in the upper quarter by two or more groups pot in

Ay

p—
.

‘r

- 14 . T
e lower halfﬁas perceived by one ox.more other. groups; !

L
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Seventy-six objectives were identified,\afnd - - ' -

The upper third of

r

g

. P o

- h

Objectiyes thug identifiied :

. . .
. .
. L)

-
LY

reéading and interpreting charts, and graphS":

, ™ . . . - -

~ Fanked, .

.
S
' . .

- v -
"basic structure and principles of-r

,
PERY

applying arithmetic to bu¢iness and

fipance problems ‘/‘, .-

- Vot

Fan

d1screpancy in the selection or

A : 1

-v

re widely dlvergen

3
P

rublic concern for "the. basics" and

.

unierstanding"

» . n

opposing' group. K .

‘ -
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Thus \n’ the 1970s éﬁere is a discrepancy : . :
v

Position statements ‘are one way in#Which“an .
i <

J
is ‘made to bring two positions’closersby influencin§ tpe thinking

i - »~

;>i numbers mathematics

educators

-

personal

—

king of goals is not uncommon. N

-
\

et

"mathe-

>

educators “dancern for
N

.!"

b4 .
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Recently,:the National Council of Supervisors of Mathematics‘issued

F
P « ®©

such a Position Paper on Bdsic Mathematical Skills (NCSM, 1977). They
. noted.ﬁhat. ’ . . . i AU

Mathgmatics educators find themselves,under considerable
pressure from boards of -education, legislatures, and A
- citizenS'~groups who are demanding instructional programs \
L which will guarantee acquisition’of _computational skills.
¢ Leaders. in mathematics® education have expressed a need .
for clarifylng Vhat are the basic skills nended by stqdents
who hope.to par 1c1pate-successfuiiy—inradult society.
(p. 1) .

-

. . ';
As a rationale for- their Ekpanded deginition, they state: f
ue T .[
T ] There are many reasons why basic skills-must _include more
j than- computation. “The present technological society re- ¥
é:
1
at

l

’.

‘ quiresdaily use of such skills as estimating, problem
solving, interpreting data, organizing data, measuring,
pred1cting and applying mathematics to everyday situationms.-
The changing neéds of society, the explosion of the amount

" of quantitative data, and the availability ‘of compu:ers .
and calculators demand a‘redefining of the/priorities for
basic mathematics skills, 1In recognition of the inade-

/ quacy of computation alone,'NCSM is goingfon record as

;. " providing both a general list of basic mgthematical skills

and a clarification of the need for such/an expanded def~

inition of basic skills. (p. 1) ‘ -

s

.

Comments on minimal essentials, methods for deVeloping gkills, and

-

evalaating student progress are also 1nc1uded. —
- -
Manj position statements were-prepared for a conference, or issued

by a mathematics or?anizationuf Monst are%teactions to identified needs,

] -l .

rather'than statements of need. For instapce, the NCTM has adopted

pnsition staten'nts on a broad spectrum of topics, ranging from the

e e - —— e

¢

natpre of basic skikls to the role of compnters and calculators. There

' ) Lt . :
are few ccntroversial recommendations in these statements; they focus

-

—

on what might b¢ done rather than what should or should not be done;,

presumably identifying as offitial nolicy that which a majority of ‘he

’ / . . R
.
.
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membership in the Council already believed. They take the form of rea-

soned ‘arguments, stressing the need for thoughtful adppraisal and study.

' C . It is perhaps a way of reflecting a collective opinion and therefore of

. <> ) . : ,
> S influencing non-members which is the highest expectation of such guide-
lines: the identified need is that of the non-member.

<

Several organizations have been particularly active in the develop- ¢
: ment of'guidelines for mathematics education. In 1947, the NCIM appointed
- ‘ a Commission on Post-War Plans which published a checklist for assessing

: o .
basic competence in mathematics. In the 1970s, tc meet the need for in- -

-

as . -

- creaséd‘competency demanded by present-day society, an ad hoc committee
MR developedAa list of "basic mathematical competencies and skills"

‘(Edwards et al., .1972). They included points related to content, the

e .

" nature of mathematici, and the role of mathematics in society.

< o

-

Other guidelines have .been issued for metric education and on the

© o

Pl ‘ -
use of calculators; of particular impact, however, were guidelines for ) .

. EAY o «

P . N o
teacher education which have been cited ifi another section of this

N

reporé. One set of guidelines on the use of Eomputers, issued iﬁ 1972
-

. b& the Conference Board of the Mathematical Sciences (CBMS, 1972) has

«©

¢ \ rece’ -ed much attention (e.g., NACOME, %975). Recommendations haQe come
~\ from a variety of other sources, including state education associations T ’Jt
and state mathematics céuncils. Their concerhs are reflected ;n the
nggioﬁal statements, although the ranking of priorities may.differ at
tiﬁes. Thus the Ohio Education Association reéently called for more
~—planning time for mathemat ics teachers and placed the use of applications,

activity-oriented modes,.computers, calculators, and metric sysfem

s . . .
lower on. their 1ist. The Montana Council. of Teachers of Mathematics

2 . B
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(Montana, 1972) listed 50 .recommendations, covering the range from condi-;> -

g .- « A >

' " et : ‘ = *
tions of instruction, curriculum construction; teacher training, research,

and rights and responsibilities of teachers and students.

To mention the Report of the National Advisory’ Committee:on Mathe-
matical Education (NACOME, 1575) is redundant: it is evident that it

‘assessed needs and provided documentation on a range of problems facing . -

R

mathematics educatiow. It is both a response to a need (for evaluation

. and a status report) and a delineator of needs (reflected in the recom-
N ) . 3 - ’ .
mendations). - ) e
- . ’ & , P

Throughout the years, general statements on educational policy have

had a "windfall effect" on mathematics education. One such report on .

educational policy in the next decade, now being prepared by Keppel and

»

others, is to be published shortly (Warren, l977). Nme conclusion it

reaches is that the responsibility for education should continue to rest
with the schools themselvés, with the federél gdver ment content to - \NFNMN\%\%Im
identify needs and stimuléte action. Promoting equity through conpenh -

.‘\“

satory aid should continue, as well as specific programs for including

. continued research and development designed to improve the educational -

process and to provide a steady flow- of capability in, for’instance, the

sciences. The states should set policy and oversee programs, including e
consumer education, accountability, and basic level of education for all'

adults., 1In addition, the report calls for the establishment of minimum
. ) »

performance standards in "the basic subjects", especially at the junior

and senior high school Pevels. There is little that is, radical; rather,

~* there is support for continuing in directichis over which some quest

o
~

£
have been raised. Thus, it may be concluded that needs assessments most

o 194 | e
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typically are reporting symptoms of what?has already transpifed.
Trends in ‘mathematics education have beer analyzed from many per-
spggtives. The Thirty-second NCTM Yearbook (Jones, 1970) and "the NACOME

Report (1975) provide two excellent 'recent analyses; reports prepared for

international congresses provide‘others (e.g., see UNESCO, 1972). Qver4‘

. o .
views in the Engzcléﬁgdia of Educational Research (e.g., Willoughby, '1969)
’\

) or the Handbook of Research on Teaching (e.g., Dessart and Frands;n, 1533)

are noteworthy. The October 1969 issue of the Review bf'Eddcatigpgl

, Research contained summaries by Romﬁerg, Kilpatrick,;Fey, Kieren, and
- R “ 4 . . e
) ' Heimer. Many dissertations which trace the changes in the mathewatics

curriculum should also be noted (see:Table 11).

r

Rather than assess the trends prophesized in the past, however, we.
> (Y

<

choose to cite evidence frum a recent survey (Fairbairn, 1976). Mathe-

g " matics educators, department heads, gnd¥supervisors were asked > comment

on future events that could have fmplications for mathematics education,
, o . . | ’ ) )

, and to generate consensus on

what should recefve priority, in light of .

this envisioned:future. The event areas considered to be most important

-~ - ~ . - ., é?
oo were: » . N
v - ; & (L %éck—to;the'basics @ovement ) / “
(2) Continued acceleration in cdmputer technology :
v (3) 1Increasing complexity of our society 5 )
v (4) Continued demand for relevancy in mathematics i .
- (5) An increase in community involve?ént ih schools
. (6) Increaéing‘demand for school accountabilit&,'both
* in programs aﬁd expenditures. ) -
8 The. curriculum priorities which were dee;ed most impoit;nt or desirable R
-~ ) %
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TABLE 11
2
—~+ STUDIES OF PRACTICES AND TRENDS

-~

. t »
* . Author. Focus
+ . . ﬂ -

Bell’ 1971, . Traced influence of psychology
. on secondary school mathematics
curriculum, noting impact qn
SMSG and SSMCIS ‘ e

“Byham, 1970 \urveyed secondary school geometry
. texts . ?

R *NOCed more; indirect proof used, . ;__—f*’/.f

. . > less direct proof | -
Fishman, 1966 @ Traced secondary school mathematics
: . curziculum in relation to -~
. ‘ N . educational theories and”
social changes _////'
) . *Since 1950s.noted:- subject matter
- o, = reorganized q\
N - instruction accelerated,
. academically talented emphasized
7] - -, j N
_ Hancock, 1961 " Traced recommendations for secondary
, S school mathematics, analyzed .
: . : . . currenc projects .
- ' *Methods received little attention
' . N -.. from either°national. committces ox
, current, projécts
Ll C e *Elementary algebra for grade 9
<~ recommended for 70 years,
demonstrative plane geometry
& for grade 10, greater variety
’ " for grades 11, 12

~

Hoffman, 1973 Surveyed recommendations for content
’ of . secondary school geometry G
*Geometry should be ‘developed
R as part of an integrated
mathematics course

e .o .
Huber, 1963 Tracéd proposals for mathe-
J/ matics at junior high school
level
*Extending algebra and geometry
to grades 7 and 8 repeatedly
recommended .

19¢ . .

*Trends

3

Fy >

Period .
Studied -

1893-1970 '

1955-1969

1893-1964

* 1893-1960° )
[ - .\.
1969-172  \
1890-1961
S




~Author

°

Hunte, ,1966

<@

-
[

Kelley, 1960 °

e

Krause » 1969

Quast, 1968

¢

-

TABLE 11 .(Continued)

Focus

Traced role of demonstrative
geometry
*Minor changes in Euclidean geometty
noted
*New curgicula;j.ncluded variety
, ©of geometries
Summarized addresses, recom~
mendations ‘re secondary
school mathematics
Prepared tables showing relative
emphasis on given topics. (e.g.,
sets, ordered pairs, geometry, ‘
- trigonometry) by grades
*Noted stress on mathematics for
mathematicians rather than
consumer mathematics for laymen

Surveyed literature to trace
‘reform ement

Compared implications with 23 states
guides ' &

*Guides evidenced effects of reform "

movement

Traced recomendations of com:lttees{
leaders
*Noted need to change teaching
" of geometry

Stubblefield, 1964 Traced development of secondary -

Yasin, 1962

* school. mathematics- curriculum
in Chicago
*From 1938-1961 courses in eggential
mathematics appeared ‘
*Since 1958 courses for gifted appeared

Traced secondary school reform
movements, defined stages

*Geometry must be changed,
scientifically relevant
mthemat:ics needed

—

Period

1900+1965

1955-1960

1936-1968

1890-1966

-~

1856-1962 '

-

1900~1960

. ‘I
s e

Studfed *

—

’

“




Mathematics should involve more activity learning.

Mathematics §hou1d involve moie use of computers and calculators.
« v

Real applications (some involving metric dimensions) should

@

-

[ ] ~ -4
illustrate the utility of mathematits. e

More emphasis should be placed on'dgveloping creative thinking -

in and via mathematics. - . . s

[

Probability and statigtics should receive more emphasis in

. o
ébhool,mathematics programs. . *

The mathematics curricuium should ﬁ% continually-reviééd°and

updated to conform.with the preegnt_and future need of the
- . Q g -
studeqps. (Fairbairn, 1976, >. 5111) .

It should also be noted that local control of schools was cldser to
V - N

rd

Bﬁing a reality in 1955 than it is in 1977.” Increasingly, legislation

by states anq funding policies by the federai gdﬁernment have been deter-
- ¢ .

mining what the schools may do and should do. Schools are being used -

%4 ©

4 ‘ °

to achieve, national social goals Ke.g.é desegregation and equal opportunity).

Schools are focusing attention on nationally detetmined needs and goals;»
- . . Y ' * oo .

perkaps, hav;ﬂg "tdsted" federal funds, they are loaghe.QO turn away. A '

serioug attempt needs to be made tQ look at:thé possible negative aspects

of various policies and trends: perhaps future analyses that say, "That

.

was a mistake," can be avoided.

-y - .




National Concerns: HIGHLIGHTS

. . - -

. @Needs which have been repeatedly discusged and cited include the need

S
‘

to: ) _ ' 8
- examine maghematicai goals in relaéion‘tg societal needs
' ~ examine implications of technology, including computers anda
calculators ‘ ° .
- establish minimal competencie: (as a basis for acconntability)

A ~ restruciure”the curriculum (to resequence, éﬁtend. enri h, or
" one or another specific purpose) s .
- increase attention to applications, sta\istics and probability,
- problem solving, the metric system, and basic mathematical skills’
S

~ provide for individual needs, particularly of less-able pupils

sxand the talented 3

~ improve articulation of mathematics with other subjects and
acrose grades- -

¢ : ‘;

~ conduct research on the learning of mathematics, 1ink research
and curriculum development, and improve the 1mp1amentation of
research

- improve pre~ and in-service teacher-education to strengthen .
teacher competency, both in knowledge pf content and ‘methods
of teaching #

] &.
~ = develop better evaluation techniques
o - improve cooperation between mathematics educators in universities
. and schools
3 ~ (>3

. ®Discrepancy in the selection or ranking of goahf -~ between educators s

' and poblic, college personnel and classroom teachers, students and teach-

ers ~~ is common. . .

IS -

eIncreasingly, federal and state legislation has been encroaching on local

o
-~

S
I )

control of schools. s

'
AY

o ‘\ ‘199 ",
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.B.- Needs Assessments 1;f3£g States T : . : —
- . A) . . . . . .
- % The'availability of planning documents and statements across the, - - _f j“

-

‘states” is by-no:means complete, especially:for tne earlier part of the . M
éO-year period.‘ Rarely do the various statefagencies have these available )
except in a state library or archive, and in nost cases it was not possi- ) )
ble to trace the patterhs.l Intormation oan:gisiation, eved for recent ‘ ,q‘.
’ years, must be culled from'various,documents. .Few summaries eristyJ;. }

o -] P - :.,,:. \ %
especially‘fummaries related to matheiratics education. (This probably ™~ .

reflects the scarcity of matnematics specialists in state agencies,'and
©® ; .

- o

the extent of the tasks assigned to thgie who do exist.). -

"

In most of the documents perused fxom the individual states, mathe-

matics concerns were either not cited, or were only oné of several or s e
e f » ° N

scores of concerns- cited. In relatively few states were specific, docu~ . .

o

ments available on planning for mathematics education. As far‘as.can be

'ﬁ‘ &5
determined from the documents surveyed, the main identified concerns did ,
¢ not differ from those at the national level. SMight differences in o ;
priorities were found, as was noted previously.

Many have assumed that recent needs assessments in the various states .

4

came about‘solely because of pressure: from parents and the public (i.e.,

s
-

taxpayers) to make schools accountable for meeting desired goals.” Assess-

[N
'S

ments are seen as groundswells. But a recurrent response to a stimulus: o’
- . - ‘ 13

*

. ) .
may involve more than a "bandwagon" effect. Assessments were a logical. .
. . . <« - ."

step in the progression from behavioral objecfives to performance con-

. . hid v
tracting; they were logical responses to cohcerns over the degree to which

-

basic skill= were being learned -- or not learned.- But they are also a

-~ (

required response to a charge from the USOE made to the 50 state education

.

@’N N .0

. 260 -
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N

~ agencies in July 1968' b

- The state Plan shall ident\i€y the critical educational
needs of the state as a whole and the critical educa-
—tional needs cf the various geographic ‘areas’ and pop-
. T ulation,grougs within the state, and shall describeé: B
the process by which such needs were identified. The
process shall be based upon the use of objective criteria

and measureménts and shall include- -procedures f4r collect-

- ing, analyzing and validating relevant data. and trans- :
. lating such data .into determinations of critical educa-_
v tional needs. ) . >
. ; "~ _§ection ]118. 8 U. s: Office .
i . . " of- Edncation regulations ~
. . for administering ESEA =~ ° .
XA “ e . © T TTitle TII programs. ‘ :

- hd .
- .

The state agéncies approached the task in various ways. Some

. .created commissions to conduct a goals assessment; some created commit~ .

_— “

tees to respond; some collated thé results of-previous survéys.\ In

*

' many states legislativemaction_was spurred, although this was more fre-

quent with regard to progress assessmegt than to needs assessments.

-
E N A
~ .

In most stateé,'the,needs dgsessment was not specific to mathe-

matics. Thus "the ten most critical needs of education?:yere idertified

by'shrveys in Kansas (1970)“as: ) l . ’

(1) Development of bositive studenc selféimage

- - °

(2) A renewed efforb to develop learning patterns based
upon student needs -\ ¢ -

(3) Place new and inqreased emphasis on the importance of | .
the elementary school

s
\

‘(4) Strengthen programs for noncollege-bognd students | o

- v

" (5) Teacher-training in student motivation - ",

(6) Programs for the potential dropout, unmotivated
: . students, or the school-alienated student

- [4
o (7 Analyze total reading program and success of students .
in reading , 4 . *
. L 201
- ¢ t




. @

(8) Provide a more_positive, wholesome attitude toward R

quality education ' ~‘? . . "o

(9) More effective student“evaluation and assessment

" " of. achievement

4
(10) More meaningful student invdlvement in learning, .
situations (pp. 4 6): TN, .

' >

~In such surveys, mathematics is merely a component of one or move goals.

In other scates, mathematics was'specifically cited in a goal, as in

- LI
[

Oregon. students need to acquire early mastery of the fundamental skills

such as, reading and mathematics. The public ranked it 6th}- educators, °
. N .

>

18th;, students, 1l4th; dropouts, 12th'{Clemmer, 1970). ..
» N - ‘e P N , . . ’ - .
In relatively few instances, statewide needs assessmeuts specific

M ’
L) Iy hd A

. to'mathematics edudition were conducted. In at_least one instance, what

-
- -

appeared from a state report (Maryland, l975b) to be a statewide survey

'instead involved a small ‘group of mathematics educators who confirmed

13 e

~ .
. - . <&

- ’ L3

NAEP—related goals: a - : .

J$1) Recall and/or recognize mathematical definitions, o
facts, and 5ymbols

(2) Perform mathematical manipulations

4

[ »

(3). Understand mathematical concepts and processes

°

w (4) Solve specific mathematical problems N . .
> . .. N .\3‘ )
*(5) " Use mathematical reasoning and. processes to meet .
: personal and sgcietal needs . v
‘. (6) Appreciate and use mathematics S

’

AV}

An actual statewide needs assessment was” conducted in Maryland however.

'y -

Hershkowitz, Shami and Rowan (lQ75) rePorted that two goals ("knowledge

N
of concepts" and "mastery of computational skills") were ranked low in a

"l b

needs assessment of 23,990 persons. "Ability to apply knowledge and
Iy 2

skills to real-life problems" was, however, ranked very high.

202 SO
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L designing instrucyional programs.
, .- ) .

” . - ¢ 3 J .

.~ . & v .
In another mathematics-specific assessrent, this one conducted bx

thc Oregon System of Mathematics Education (Thomas, l975a) discrepancies

acro/;isamples were noted T ;> T /;/f?‘/ ] _jo'
- . - /‘ . ”
) The*e is some difference of/opinion between resporident |
~y groups in what is eonsidefed to be important. :

,(5) Items w icﬁ’a;e agreed upon as important reflect'what
is"typically" thought of as a mathematics curriculum
T (- ,x,.,x and fractions) ) P 0
(3) .1f.a curriculum modification has. been made in ‘public
a education the response would tend to‘indicate that
. # the respondent groups haven t adopted the same things
as’important. s v eer e
.. -- . 2

(4) While many educators in the state “Seem. to feEL that

v .

hand ‘calculators will substantially change mathematits,- © 4 °
.the ,respondents didn t find these innovatiqns Eo be -
especially imporfant. o A
A\ J » =7 " > *
SRS

(5) The general public doesn t appear to haVe sufficient . =~ ‘i
information to_make other thau neutral response’ possible.

(6) The extremely low responses provided by university
. professors also,suggests some questions as to the .
basis for their response. (p. 7) PR ot )

Data in many other research studies support the findings of

Smith (1972), who' found that the four primary needs oT students’ involved:

-3 .
basic operations, topics for individual needs, consumer mathematics, and
- d o . [} . *
applications to the real world. ‘? ) .

o + Hany other states as well as local ‘commuynities hdve conducted- neéds
assegsments, although these 'hayepnot -always been documented. &Frequently
they involve the informal collecting of opinion rather than a systematic

. N 1

procedure Svhools cannot’ be operated in a vacdum: 'needs assessments ,

-
[y

provide a meahs of ascertaining what is perceived to be desirable.:ln

~9 N . T
t

]
~
L]




‘Needs Agsessments in the States: HIC.aLIGHTS
v * '. N v - 7

- . - -

oRelatively little attention has. been given in most states to docnmentini

3 LY

. - the history, status, ar needs of mathematics education.

N .

S eMathematics education per se is se1dom ‘cifed in state goals; it is

S mostNEfequentlyjone aspect, of a "competency in basic skills" goal, ” .
7 .

- .—  oWhere needs assessments specific. to mathematics have' been conducted

both "knowledge of basic skills" and "applications of skills to real-

y life problems" have, been high on the list of needs. -

I b

ODiscrepancy among concerned groug\\was epparent in the priority assigned N
" <%  to mathemstical'godls. AN ' B : . ‘

\




’ . . & .
® many- 6f the procedures parallel those used in later assessments.

. ' ‘205“.

- "G, P}ggress Assessments at-the National Level
N ] . =

Within the 20-year period, comparisons of "new" and "traditional

v .

. s,
e «

mathematics programs focused attention on the need to develop more appro-

¢
s "

priate means of assessment. In these studies, students using traditional

programs tended to score slightly better on traditional ﬁests, while

.

students using new programs scored Shigher on tests of the newer content.

As a direct result.of such findings.w{;h SMSé matefials,‘SMSG

.

" planned and conducted the National Longitudinal Study of Mathematical

Abilities (Wilson et ai., 1968-72). It was the first large-gcale testing
\ 2. . .
program in mathematics; although not primarily concerned with'hgsessmensJ

w

*NLSMA was conceived as a study of-the effects of various kin&s of
mathematics textbooks”on the:learning of mathematics. ‘Schools were re-

Bruited to participate at the 4th, 7th, and 10th gréde levels, and stu-

. dents in these {hifial samples were félléwed for fiye yehrs; in order to

¥

detect long-term as ﬁell as short-term effects.;f currigu}a (Begle, 1973)._

3 . .

- SMSG exerted no influence on the choice of teitbooks, nor were any con-

.

. Sultant Servicés or materials.provided. Data on various characteristics ]

of students and teachers Were gathered, in addition to cognitive and
<

affective scores. The mathematics tests were constructed in terms of

computation, comprehension, application, and analysis objectives: an 1t%g'

L.

bank was deveiopéd which has been used, in actuality or as a model, for
myriad other studies.

The major, findings of NLSMA can be summarized briefly:

. S s ] >

(1) Different patterns of mathematical achievement were
associated with the use of different textbooks. N

-~
’.

+
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(2) Mathematics achievement is a multivariate phenomenon.
‘ ¢ 9 -
(3) "Students are more likely to learn what they have been
taught than something else." Each group performed best -
in those’areas stressed in their particular textbooks. i .
(4)" Great variability in pupil achievement was found when
teacher 'effectiveness' was.considered. v

(5) - The attitudes of both 'sexes deteriorated- during the
. secondary-school grades, but the decline was greater
' . ) for girls. ~ .
. ‘ ! s - ] ¢
(6) Teacher characteristics did not account for a . ..
. significant percentage of the variance; it was too ' .
low to be of value in practical school decisions. :

e

T . (The Summer 1975 issue of Investigations in Mathematigs Education (IME)
. N , . ‘ N . \

contained abstracts and critques of the NLSMA reports.)

* - '(‘\\ . » ] i
“, - At the time NLSMA was being planned, the goal of a national assess-

> i -
-ment across educational levels.and subjects, was coming to.reality. The

National Assessment of Educational Progress, conducted by the Education “

t

Commissibn of the States, began assessment of ‘various subject érqu in

- -

the late. 1960s. The first mathematics assessment by NAEP was conducted

- during 1972-73; the second is scheduled for 1977-78. The assessment in-
,;iuded~§ix major content areas: numbers and numération, measurement,
geometry, variables and" relationships, probability and §tatistics, and -
consumer maéhematics. About half the exercises will be reﬁeated from,&ne‘
asses;ment to the neit, so that the firétvassessmehtﬁproyided baseline
data for later comparisons.

‘F;ur reports on the first testing have been published (NAEP, 1975a,
. © b,e, 19;6), ig\§§dition to a se#iéslof interpr;tivé'art{cles.(éarpenter
. et ai., 1975-76), a generél séatement of objeciives (Norris and Bowes, ' :

. -

. 1970), yearbooks, and newsletters. About 90,000 students at ages 9, 13, R

- ~
¢ -
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and 17, plus 4000 young adults aged 26-35, were tested. In addition to !
- K

age levels, data were also analyzed in terms of sex, race, region, level

-

of parental education, and community size and type.
Carpenter et al. (1975-76), writing for the NCTM Project for Inter-
pretive Reports on National Assessment, indicated that the data showed

"a mixed picture of strengths and weaknesses': Students' perfprmance
was '"'strong or at the level of reasonable expectation in terms of the

-

mathematics’ curriculum" for:

whole-number .computation

NS 3

knowledge of numeration concepts .

9 )

.. * analysis of_simple (one-step’ word problems)
. intuitive or practical .measurement concepts+

- recogpition of basic geometric figures and relationships

»

-Weaknesses were indicated in the areas of:

4

percent

development of fraction concepts

.

complex word problems s .
.~ heasurement tasks. . . »
understﬁhding of geometry topics
. g
- !
Reacting to current concerns, they noted: A

The modern mathematics movement of the 1960s has been
accused by its critics of destroying pupils' computational
skills. These NAEP mathematics data argue that whole~
number computation is not a lost art and, in fact, 13-

. year-olds perform at about the same level as adults {and

* 17-vear-olds perform'better}. The current retrenchment

of frathematics programs into emphasis on arithmetic .skills
should be examined for finding a proper balance between

¢ skill and understanding, or between arithmetic skills and
gkills in measurement and geometry. (1975a, p. 449-450)

s
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In another summary, they indicated that 13- and 17~year-olds nedd to

develop more problem-solving skills, estimation skills, understanding of

percents, and skills with fractions. ~ In regard to consumer mathematics,
they noted: : 3

Although perforpance varied among the consumer exercises,
it seemed generally low. One can take little satisfaction
from findings that suggest only about ore half-of the 17-
year-olds and young adults can usually solve typical con-
sutier problews. Continuous gains in performance were
made from the. 13-year-olds to the young adults. The most
.dramatic gains were made from the 13- to the, 17-year-old

. groups; this was expected because .of the direct 1influence
of the mathematics curriculum. Young adults performed

' consistently higher than 17-year-olds on all types of

consumer exercises ... These gains may simply be the
result of maturation and experience in solving consumer- °*
related problems. Op the other hand, these consistent
differences.cannot help but raise questions regarding

‘ﬁ current mathematics programs."(1975b, p. 469)

“Bright (1978, in press) has compared data from a number of assess- T

ments for which computational examples have been published, inc;pding

’

NLSMA, NAEP, and several state assessments. He reported the level at

which stabilization is reached -- that is, where 80 percept‘to°9olpercent

of the students have reached mastery. He concluded:

[ 2
Overall, several patterns in the data seem to support
clear conclusions. First, there is general improvement
in performance across grades. This result is not un-
expected, and it is consistent with the results of the
grade~equivalent studies discussed earlier. ,Second,
the levels of performance decrease as the items become
more complex. Third, performance tends to stabilize. .
For the areas discussed in this article, stabilization
‘seems to occur ‘during the junior- high school years . . .
Fourth, stabilization of performance for whole number
computations occurs earlier and at a higher level than
for fractional number computation. Fifth, for all
computation skills considered, there- is no decline --

W oor atwleast no* important decline -~ in the performancge
T of adults in comparison to that of high schdol students.’
“In the context of improvement of skill per srmance across

grades, this suggests that once skills are mastered they

are not forgotten
=

¥
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.+. (it is observed) that computation skills are not
acquired on the basis of initial instruction. In-
struction over several years is needéd to reach stability,e¢
and in every area examined there is still room for
improvement...

N (4 is\impartant to note that the data presented refute

the notion that students generally do not acquire basic
computation skills. 1In fact, some skills (e.g., addition
. and subtraction without regrouping) are almost universally

- acquired, whereas others (e.g., division of decimal frac-

' tions) are not. Any-meaningful discussion of the perform-" . ) ”
ance of students in basic computational skills must be a - ’
discussion of specific skills rather than skills in )
general. (p. 163)

Results frpm°nationa1 assessments of achievement seem to reach the

«-headlines fespecially) if they are low or declining: similarly do the ' ‘ >
results of international studies. The International Study of Acheivement
in Mathematics.(Husen et al., 19675, conducted in the early 1960s, is the L@
prime example. The IEA mathematics survey involved 133,000 students in

5450 schools in 12 countries, 13-year-olds and prewuniversity students

-

(grade 12) were sampled. The New York Times headlined "United States

. bets ‘Low Marks in Math". The most-quoted tindings in the news media T
were: the U.S.- 13-year-olds ranked 1llth in mathematics achievement among

students from the 12 tountries, whiie high school seniors ranked last.

Both liked school and school learning less than students in other’cbuntries.

Little attention from‘the media; but much on the part of mathematics
-educators}Awas(ﬁaid to further considerations:of the data {e.g., the_ . » y

Journal for Research in Mathematics .Education focused an issue on-IEA : x

(JRME, 1971)}. Huseén (1973) fndicated that the arithmetic means had to be -

S

. : . . .
tonsidered in terms of the "recruitment bases" or "retentivity'" of schools

in the various countriés; wherr that was dode and equal proportions of

students considered, the variations turned out to be considerably less.

. . . A
» . 2 v " . . , ot
09 : - ,
* -
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In the special issue of JRME, Postlethwaite (1971) reported on proce- ) .

<

_dures used in the IEA and cited data on tests and scales. Among the many _-~
findings'he stressed were:' (1) age of entry into school w3 not an/
important wariable in mathematics achievement, (2) reducing class size
was not likely to increase mathematical attainment significantly, (3) type
of school .affected the achievement of l3-year-olds, and (4) correlations

between achievement and attitude were'small but positive. Other articles

R in the issue provided a critiqué of the study and the'presentation of
5o many specific intesrpretations related to.the data. (A second international 5
4 U - § -
o survey is being planned.) 2 T \, "

In another type of nationa1 survey, Okada et al. (1969) repoq{ed on
the»Educational Opportunity Survey, citing data on the achievement of

te

black and of white students. Black students did not attain the sixth- $

&

grade achievement level for.mathematics until grade 8. From grades 6
through 12 there is a gradually increasing gap “betiveen black and white
students, with similar lags in. achievement ‘observed for other disadvantaged

. groups. Evidence from NAEF (Carson, no date) also showed that
Blacks performed 14 to 21 percentage points below the .
national average . . . Whites performed from 3-4 points
above the national average. . . The difference in per-

+ formance between“Blacks ard Whites was smallest at age
. . 9 and increased for 13- and 17-year-olds with no appre-
ciable change in relative performance between ages 13 -
and 17. (p. 39) {On consumer-math problems Blacks
were 20 percentage points, below at age 13, 24 points
L below at age 17, and 29 points below as adults; Whites 4
) were 4-5 points above the national IEVel } o ‘ v

s d

£ Standardized achievement tests have been given for years, but only*

occasionally were data compared across time. (Table 12, includes some of

..o~

the 1little-published evidence of such studies for certain states.) One

. -highly publjcized instance at the national level is that aof-the Scholastic

N

»
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Decreases in scores were observed; the average

Aptitude Test scores.

score of mathematical ability was 502 in l963 and only 472 in 1975. While kl,

—— ,74* ‘ the test scores were for college-aspiring students, much of the mathe~ T,

*

) ‘~matics tested was of a basic nature. Therefore declines in scores are
,\» . Q *

presumed to be symptomatic of a failure to establish competency in mathe-

Te

matics, though it was pointed out that ¢ ‘ ' L ','\\\\
h . The ultimate blame may rest with the influence .
. of television, permissive parents'* ~or. dozens of : >

e ‘ factors beyond the control of schools. (U Se. -
o ; . News and- World Report, Nov: 24, 1975, p. 34) & T

e
~— ~ .
— ‘.

It should b noted that. scores on the lanéuage (verbal ability) portion e

e

of the SAT were even more. depressed.

»

- Harnischfeger and Wiley (1975) analyzed scores from nine widely-used

testing programs, including both elementary~schoc? and secondary-school L.
tests: the SAT, the American College Testing hrogram, the Towa Tests of
Basic Skills,oand the Comprehensive Tcéfq‘Of Basic Skills, plus five ‘

- others. Nearly all reported data showed declines for grades 5-12 over
the past decade. Both the verbal and mathematics scores on the SAT peaked
in 1963 and then declined steadily. On the ACT a similar pattern was
found, andq\ﬁ?the ‘ITBS, the pattern was one of general increase from 1955

-.to 1963, then consistent decline to 1970. |
They hypothesized ligely causes for the drop in. achievement levels _

to be both the school'and the,home, but they believe the;school-related ‘o
causes can be more closely studied and more easily influencedl' School~ -

related fa:tors whose developments closely parallel the decline in the

achievement scdres seemed to be

v Va

~ high Gchool students are taking fewer "basic" courses
like English and mathematics, and fewer college -




. = increasing numbers of students are'absent from <

< the;gufriculdm aad in particular to readiné. 'Althouéh one cannot quafrel

,preﬁhratory courses 1.ik3 algebra, first-~year foreign e .
languages, chemistry and physics {note that this con- .

»" . flicts with data cited in this report} i .

school, and iy - : RS .
. . . N .
- fewer students are dropping out, resulting in a ’ R
) larger percent of drop-~out-prone students taking . T
> the tests. . v *
-, ,

© The correlation between changes in*performance and 1ncreasea féderal' Lo

spénding raises some questions. As has been noted,-federal funding has

-

had.an impact on mathematics education throughout the past 20, years. Much

=
X

of that ;ﬁﬁact has been positive: the effect ofi curriculum dévelopmeﬁt and

teacher training, with the' involvement of the National:.Stience Foundation
« . T

in part;cular,;has been documented. The establishinent of priorities across

[y

‘agencies; however, has not cons‘stently resulted in mathematics education
— - ] -~

\‘ . -
being given dﬁg\aggention. For instance, immediately following the pub-

‘ g
lication of the IEA results,.in which fhe performance of the American
- ‘ \\\" B ’ ': .
students was poor, the USOE began decreSEing\thg\BEEPer of mathematics

r \\ .
education specialists who could provide services to schools and-who_could

. ve

s . ‘ .
monitor government-sponsored projects concerned with mathematics. Given

o ’

.. 'the large amounts of money which might have been expended on mathematics , i~ ’

education through such programs as ESEA Titles I and III, it 1é’unfortunéte'

¢
-

that the irivestment was not guarded and maintained. ' ¢ T .

v »
N .

For several years, NIE had also elected to give little attention to

mathematics education, assigniny creater priority to other ‘segments of

°

: : /s
with the identification of reading as a matter of very high priority, it a -
seems appropriate to attend to other areas of the critical basic.skills

t

needed for the well-being of the country. The Euclid Conference on . ‘

A . ‘ » .
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) ‘ Basic'Skills (NiE, 1975) indicated changing awareness within NIE and of

attention to mathematics, as did-the conference on needed research and .

3

development with calculators (NIE/NSF, 1977). ‘

+
- - . .

A

Aruitoxt provided by Eic:
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Progress Assessment at the National Level: HIGHLIGHTS T

- ' T ) * . )’ " T "I
-#NLSMA was not a progress assessmeat, but it focused attention on the
. ) <

.

need for 1ongitudina1 assessment and improved evaluation techniques.

1 s
¥

)
3

oNAEP data have indicated specific strengths and weaknesses, although . e

« LI <%
S 9 @

the real function of NAEP'is to provide longitudinal information on

_.the status of mathematical achievement. L § .

A Y

. OIEA provided data on the achievement of American students compared with

students in 12 other countries, but results are difficult to interpret

,: . v - in view of the many varied cultural and school factors involved.” **

<
. Ld .

®A comparison of,computational skills data from NAEP, NLSMA, and 'severa: " ' N

. . ' oL ‘ ) C .
e . other assessments indicated that these skills are not acquired oun the” s

5 . . -
oS . -
AR . 1 M . ’
s .
-

basis of initial instruction, but ﬁerformance tends to'stabilize during, . ‘ -

2t

the junior high school yeans. Stabilization occurred earlier-for whole- .

pi ‘ number examples than those with fractions, level of performance decreased L

. \

¢

. . : . <

- as items became more .complex. !

. A

0College-entrance and _some other standardized tests scores have indicatea ' e

’ ’,
[

decllnes in achievement across the yearif with more e§?ensive decreases e

-
.
. 3

té\

‘." . for verbal ‘portions than for mathematical portions\of the teststifﬁ : : .
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'D. Progress Assessments in the States

Keeping track of what is going on in the states is not an easy task. .

i Numbers vary and documents are difficult to secure. “his section is

[

more a picture of "qnat could be tracked down" than a complete overview.

The movelient toward sccountabiIity has resulted- in both minimal

\\competency requirements and assessment’s of achievement in many states.

" Clark and Thomson (1976) provided an overview on minimal competgncles

which cited the following reasons (drawn from other sourcesa,fot "the
_ public's determination to define the high chool diploma" i
i «- écores on the Scholastic Aptitude Test have fallen ce oy
- The Nation;l Assessment of Education Progress in l975 .
reported a decline . . {1n some subjects}

- NAEP also has reported in a nationwide survey of 17-
year-old students and young adults that 'many consumers

_____are not prepared to shop wisely because of their in-

—-- ability to.use fundamental mathematical. principles such

as figuring with fractions or working with percénts." .1

L

f{~'The'American College Testing"(ACT) progrem alsd has
reportea a decline in the average scores of students
’ applying for college admiss}on. A :

e

They _also™noted:

‘jSecondary education has, of course, been mobing toward compe-
tency-based criteriop-réferenced-education for a decade.
Beginning with programmed instruction in the early-1960s,.
then moving to a focus on behavioral objectives, and | “,
followed by the_current interest in "outcomes" . .. (p. 5) .

, Pipho (1977), maintaining the Education Commission of the States
©, - el

taliy of the stat°s which have minimal competency s;sting for high-school

J promotion or grade—to—grade promotion, reported that by mid-April 1977-

[Se ?

, .
the .ctatus was: . . ‘

Legislatioﬁ Eqacted-(l975-76): 8 states




.- ] (Célifornia, Colorado, Florida, Louisiana, . . ) EI
v . . Maryland, New Jersey, Virgipia, and Washington) _

State Board of Education Rulings (1975~77): 10 states

e . (Arizona, éeclgia, Delaware, Idaho, Micﬁigan, -
- Missouri, Nebraska, New York, Oregon (1972),
-and- Vermont) . . e

L 4

o -

Legislation Pending'(l977):.15 states i

° (Alabama,. Arizona, Arkansas, California, Florida
Iowa, Illinois, Kansas, JMaine, Maryland,,Massachusetts,
. Minnesota, Nevada, North Carolina, -and South Carolina) - o ¢
Av>~"“'_\\{ . . [y . ‘, ~ ] A
In some ihstances, only reading is cons%dered; in most, mathematics and

reading are both included; in a few cases, other goalé are“also considered.

- -

In Virginia, for instance, the General Assembly 1isted basic skills

in reading, communications, and matRematics first in a set of ten "stand-

- -

ards of quality" (Virginia, 1976). The pattern in Virginia is one report-

.
ke

, edly occurring in otner instances; the legislature enacted‘iegislation

<
'

° . :
mandating the development of minimum competency objectives and tests with.

which to assess them with little iuteraction with educational agencies
. 3 < i
' in the state. State departments of education-and local school districts

.~ . [4

were\given a relatively short period of time to implement-the legislative ) .

mandate. Educators had no direct rolé in' the decision-making process, ner

-

- was the rationale for the decision-making process clear. -
. . .
N Some local school districts across the country are also'adopting

minimal competency standardsi the total is difficult to determine, but -

- » .
¢ o . t * -

known instances total less than 50. Denver led the way, with competency o
. ' . . .

tests administered there since 1962. No reports on the decision-maki%g

process associated with these adcptions were located, so the pattern ) .

,

v . cannot be determined. ) + . N

.
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The changing status of accountability legislation is also being

moni}ored. As of Fall 1972; 23 states had accountability legislation ..

(Hawthorne, 1973); as of.June 1974, this number had risen to 30

(Hawthorne, 1974). She reported “that these took the following form:

R
state assegsment/evaluation: state testing programs 18

modern management techniques 16
*  professional peérsonnel evaluation , ° . 13
performance~based school accceditation 3
performance contracting . . 2
o R
' The 30 .states cited by Hawthorne are indicated in Appendix’B which_.
also contains a synthesis of available information on needs agd grogress )
assessments. Unfortunately, information and doruments were npt obtained
from all- states, nor were materials available in the ERIC system. {The
NACOME Repoxt (1975) a1so provided information related to assessments }
> In regard to § .assessments, it should be gioted that: °
- (1) There is great variability in the objettives being assessed.
- For instance, one ‘state included these two objeetives for . ;
N R . . ., //
grade 2: " )
- Pupils will indicate ability to analyzé by
constructing a market value continuum-on a . / -
given_set.of objects or pictures of.objects. (\ -
- Pupils will indicate application in using the
. .addition and multiplication algorithms by applying .
those rules to solve additior problems through two
) 7-digit numbers and multiplication problems, of 2-
° digit numbers.
3 " - .
5 Other states have restricted the objectives to minimal
o competencies.
: y 7 D .
(2) Both standardized and nonjstandardized norm-referenced and “
criterion-refereuced tests were used. )
(3) Reporting procedures vary widely: some states provide a.
summary, some present data alone, ,some provide data plus

o
k24
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- . ’ -interpretation.v Criterion levels, percentages, srad
- : level norms, and a variety of other statistics are provided. i ‘
) Sy . -
. A‘summary of g%e contents of .the information in Appendix R is some- :
o . N 2 v - s
oo dﬂﬁy(<neanin31ess, since so many gaps ‘exist and since the data are from .
< ey . - . - - N . (]
- . . p-J o . : o
a Variety of tests, ‘grade levels, and years. Nevertheless, a few general .
. - ’ : . - ¢ 2 . .
copments seem appropriate about datw which were available: . s
. {1) The topics with which difficulty (or-weakress) were reported )
Ti ‘ ‘ . e e o - -
.- can be ranked in this order of frequency: | ' :
' ¢ . Y‘ . S ¢ .
. . fractions . . Sk
. . ,./ > T, ‘ . . » N .
- * division _ . _ .
’ 4 . . . )
: : “ i C T
IR ) * , subtraction with regrouping |
- . . o decimals® ;‘r» . ' . F .o
i . . \\\ - , . . ] N . . 5 -
- . ‘geometry : .- . , o
IO . . Mmeasurement A ’ . /
' @ T : } Lo . .
. - : .« proof - - K A
. » ’ N ,‘
. - 1 g -
: . : , - estimation . .
‘} [ “_" . . ) . . B } 2 . ) - ° ,
statistics and probability .
PR . * ) ' :
- ’ . . S .} . . 2 .
y 5 ' . Problem solving - _ 5 ‘
= This corresponds with inf»:mation from previous error-anarysis RN
= studies and studies on d*fficuities and the need for rEmediation.
" . ,'0-\' -
- (2) . Status ‘was reported as "at norm" and "beloew norm" in approximately ’
« S s - * B
: an equivalent nun’ ~r of instances; ‘fewer instances of "pbove ot
[3 .
. f_\. ¢ N » - "‘ . L . * R * »
‘ norm".were noted. - - e . "
. (3) Irends are unclear: in the few instantes where data from the R .
P same test administered for 2 ur 3 yéars could be:cﬁecked, .
. improvement was'noted on four of .53 ﬁn the fifth case, scores
v ’ - N -
. : : remained at about the Same levei. = = °° i - .
N . . . ’ L] s
9 * ‘. * ‘}£. < . ®
- . =~ -
« . . . ’ 0 .
. B . N 3* U - ‘ - . R -
bl . I » Y * <
o . ’ . 212 “ . -1 .
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Coe In .other state, local, and regional assessments, some comparing data

<

" . across a period of years, no clear trend could be observed (see Table 12).

Roderick (1974) _provided an example of one difficulty in assessment across

decades. Not‘%ll of -the items administered to the 1973 students involved

\

T - content still being taught: thus, many itemeﬂwere transfer items for ;he
v ) & ) . - - L
ot . 19743 students. It is also apparent from a scan of the items that mastery

. leveis we;e by no means achieved on many of the items by:the 1936, 1951~

. ‘ ??, and 1965 pupils, any more than they were echieved by the 1973 students.

A

Where an item was passed by 80'pereent or more of the earlier studenés,

it tended to be an item on which 1973 stddents also scored high.

e

\
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TABLE 12 °

[

2 : SMALLER-SCALE ASSESSMENTS .o .
. ~t . - R 4 :.y-_’: L
‘ ¢ . -~ N
Study State ~ " Grade n - Results - ~.,
- N - hd ~ . . N 2 . , ‘i'!f':
Barnes, 1973 Atlanta, GA city 78% of schools im defined effectiveness range

=4

Beckman, 1969, NB 9
. 1970 ‘s

4 .

Brown, 1957 LA 12
_ Cramer, 1975 NB 12
/ ¢ N
- Dambacher, 1972 - Berkeley, CA | 4-12
o _ .
' Hammons, 1972 "_LA
Hieronymus, 1965 IA ‘6,8

.o

28 sch.

. city

in 1971-72; 74% were at national norm.

Students at beginning grade 9 in 1965 scored
as well as those at end of grade 9 in 1951.
Mean score on 109-item tést was 45.7 in 1951,
54.9 ‘n 1965. .- .

1345p

Indices nf achievement were low. v
Means score on 95-item ;est'was 74.2; students
had. attained 30.6 of 48 competbncies.

Upward trend in mathematics achievement noted

for 1967 through 1972, ' -

.

1430p

6903p Scores generally declined for computational

skills between 1960 and 1969. .
state
ITBS

scores

Students scored higher on the Iowa Test of

and problem-solving but not on computation. .
However, the data are revealing: note the
degree of differenue. d

computation

a3

.grade 6 1940
1965

] grade 8 ,1940
"1965 =8.66

grade 6 1940
1965.

concepts 6
7

de 8 1940 8.
grade 8 1349 §

e
N

e

[}

2
~
%

~

Basic Skills 41n{ 1965 .than in 1940 on concepts .

”




TABLE 12.(continggd)

[ R -

,Sﬁuéx'\ State. Grade h Results . o N
problem solving grade 6. 1940 6.45" ’
[ 1965 7.40 : *

T
[
~

.ol . ' . grade 8 X940 8.48

» o

o 6,8 > .. 11965 scores were higher than 1972 scores.
. : e < ' " Median on concepts dropped to" 43.5, on problem
’ ! T solving to 42.9 in grade 6; ‘correspondingly, .
44.0 and 41.5 in grade 8. (Computation not . .
“ T~ noted.) . R ‘ e - o

o

M. Horn, 1969 IA . 6 « 1200p 1963~-64 scores not s;gnificantly different
wo P . from 1967 68.
Hungerman, 1975 M1 - 6 No significant’ difference in computational
. y . . skills between 1965 and 1975 in total score.
. ) <\\\' ] ) However, the 1975 group scored higher on whole
“ . ' > . T . number computation but lower than the 1965
-t - R . * group on fractions and decimals.
Leondrd, 1967 9 . 2430p 1966 algebra students significantly better in
: ) d solving equations also attempted by a group
} i o in\appréximately 1926. .
Niemann, 1974, NB oo 7-9 1239p Mean scores were 48.8 in grade 7, 57.8 for
. ’ -grade 8, and 58.4 for grade 9 on a 96~-item test.: .
AN . » . .
Roderick, 197 - IA 6,8 7665p Achivsment levels were lower in 1973 for 4 of- A
. 8 areas tested than in 1936, lower for 2 areas at
. i each grade level than in 1951-55, and lower for
' , . ] : one area than irn 1965. 1973 pupils were inferior
222 /\\ -~ to 1951-55"pupils on number computation and
: C ’ fractions in grade 6; decimals, percentage, an.
Y ) : problem solving in grade 8. 1973 pupils were -

”

.
- - - kY -
Q v i s - . .
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12

Rudd, 1975

-

-~

" Schrader, 1968

Thurlow, 1965

L]

.

Bloomington MN

Grade

ages
9,13,17

7,8

- - . ‘e
[y

TABLE 12 (continued) = ' “

Results

. inferior to 1965 pupils on problem solving
in grades 6 and 8. Not all content was still
being taught. o -, ’ )
2
<Good computation skills, concepts,»and prob-
.~ lem solving facility were found. 9-year-o]ds g
had acceptable or . strong perfotmance (compared -

with state) on-96% of obigctive8° 13—y.ar-olds,o 7

city

i . 8673 l7-year-olds, 93%.

Students at SOth percentile on old forms would
only be at 41st percentile on new forms (in-
dicating "modest gain in.pupil achievement
over time"). - ‘ .o

39.76% for grade 8, compared with' 1948 scores
of 12.5% in grade 7 and 14.01% 4n grade 8.

-

v

he]

Average scores were 31. Q5% for,grade 7 &and s )




“#As of April 19?7, eight states had minimal competency legislation, 10

']

" had state board of ;ducat;on“rulings, and legislation was pendiné in

. . ,10 .states. L > . B
. AN . .
© " @As or June 1974, thirty states had accountability legislation.

6Stpte progress assessments vary greatly in scope of objectives, fype of

[ 2
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been known to be difficult. Fractions, division, and subtraction with .
o T C . ' . - - \} K «
. regrouping head the list, ) .
. ' o o
" .eTrends across years are.uncleidr as yet. ‘ ] '
y L - S
¥ . .
18 ) = -
< l *
h - * » 3 ’
¢ e v
=2 - ’ -
" 4 . rd . <
* Al
- °




SR SIS

N V C ' . V. Synthesis ard  Conclusions

1

The avowed purpose of this document was to describe the evidence

m e e i o A e

bearing on the rationality of decision-making for educational policy

' that influences mathematics education in the schools. This section

~

identifies'some major deficiencies that weqhave found for the process of

o

policy formation as we examined the record of the past twenty years in
. :orma , ) 3 _

v ;. ;mathematics education, and offers commentary on those,deficiencies:

1
N

¢ The evidence of the report shows that progress and change have been

- ) the result of federal intervention into~the domain of mathimatics educa-
tion. Indeed, some would claim that the federal investment in—mathematics

education has often been the vital margin_determining whether a change

, would be realized or not. We see little evidenceftbat the future will be

-~

otherwise, Thus, the capability for thoughtful and careful policy for- B

° -
f . . DN N F-

mationiat the federal vael is critical since,it guides the investment of

e dollars for mathematics education.* RPN

-

It is not sufticient sfmply—to recommend increasing the magnitude of

-~

.the investment in mathematics edpcation if change is desirable. Many

..t

segments of society and many non-educational problems have legit imate .

claims~on federal resources. Mor% money is ot the universal solvent for

educational problems' problems are not solved simply with a‘greater in-

%
> . J

- vestment of resources. To argue simply for mote;money as the solutipn to

. educational problems ignores present realities. At issue is investing~ :
e —— T B

mon€y wisely in order to accomplish change expeditiously and efficiently -

= , . .t
' 1 . *
»' Q . .

0. *The impact of the private sector (e.g., textbook publishero) is not
denigrated; rather, that federal policy affects the fuli range of
educational activities is the point at issue..

. . . s
r

Pen
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* in the areas of greatest need in mathematics education.
r)4 .l * -

~

the learning and Jteaching of mathematics in the schools.

'3
.

e

from.the recent history of mathematics education.

These failures‘are.
(l) Educational policy is frequently determined without

S e to be rational.—-—-:
~ e

tollecting enough information®to allow the~procrss

’
\ %
-

1

The recognition
of the deficiencies in the policy formation processes is an important fivst

step toward improving the payoff of the investment and toward improving

Three primary sources of difficulty or failure in the processes of

policy formation for mathematics education are apparent to the' writers

e

g\ (2) Educational policy is fnequeptly construcied with-

%y
K

out using information that is readily available.

~

(3) The point atawhich valués enter’ into policy forma-
S tion, and the effects of the differences in the

€

N

.
-

schools, is frequently not recognized in determining

the priorities within educational policy.

There are numerous notable exampies of the first type of failure

in the segments of this report that concern existing practices in the
schools and in teacher education
\;‘opinions are:

Some that stand out in the. authors

“*pPractices in the schools

k]

classroom.

<

(l) We do.not know enough about what happens in the typical
o

N

/ imehthe typical
elementary-school teacher gives to mathen

-

aties instruction
v
. 228 N
Q __' E - : .
ERIC - '

The classroom‘practice of teachers, ranging
from such simple things as how much t

values held by various groups concerred with the
. P
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ERI

Aruitoxt provided by Eic:

s e g S

.o

; .o i - ° -
to,the'more complex and subtle_questions pertaining o )

13
- -

what guides teachers' ‘choices of instructional strategies,

s

are largely undocumenged

Ta bl

(2) We know little about the extent to-which _teachers differ-

)entiate instruction for children with difggren characteristicﬂ

; i
and needs. < - . : '

- [N
' e =z

(3) . We H# not{know enough ‘about the extent and.nature of -

L

>
4

teachers'~nse of instructional, materials and tools.
’ | - - - *

Although activity learning has been .advocated strongly in .

g -

1L

P

- o

- teacher education and in professional activities and

’materials, the ‘extent to which teachers inyolve students with

non-text,materials is largely unknown., We'also do not know-

- what guides teachers in the use of non-text 1earning materials

" and how teachers select_ ﬁathematical tOpics for this style
.k

of teaching. ‘ !

.o, :

The extent of teachers". dependence,on drill—and-praftice

v
»

—, teaching strategies is not known. The factors that L

teachers use to guide their selectionhof teaching .

stratégies otﬁer'than drill and practice are not known. 4
Las -

»

Practices in teacher education

(1): The data concerning supply and degand-of secondary

’
. M 1

mathematics, teachers are only conjectural.

(2)

There is little evidence avaiIﬁble concerning the

Tt

)

characteristicS‘of the small but significant portion

> @

of teachers who refuse’to participate in in-service

KY
i N

~e
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'\~\ ° ’ . * PE
activities‘and/br\about program characteristics that ,

T ;V. ,// ‘ '.‘- ‘ may keep them from‘participating. ... , - .
MR ; - . (3) Early fie1d experience prior to student teaching as _ S .
. 2 o a component in preservice teacher education programs ) ‘ \“' -'..
Cea , appears to be Z sensible new feature in’ program design. . ')_
- e However; there is 1itt1e evidence concerning how much. . )
- _ ‘ % what kind, or when such fleld experience_is best or . S
- e . . how it‘'actually contributes to helping the.prospective
' teacher become competent. | : ) ) ,;
) d(4) The characteristics of teachers-that;contribute,to the i
o . effecti;e‘learning of mathématics by students'are not o ‘ .
. wellsdescribed nor verified. . ' . e
( The sectioﬂs on existing practices describe many other blank'spots
) in the knowledge base for effective policy formation. A major'difficuitf e
. is that these missing segments in the knowledge base are not used to. * ‘~
, f\-define priorities for information collection or for deciding what re-‘ )
i search to support "and fund ) .
e - Theretare some sources of information concerning exis ing'practices‘u o
‘ fhat are difficult te use. Considerable information was f;und about
h‘ ;ﬁ- existing practices in.the schools that was either hard to access or in )w
K " a form that was difficult to interpret. There is a lack of commonality ‘ e
) from state to state in what information'is:coilected and‘how and who/ ‘ > ) ;
) stores‘the information. Many states do not consider the potential uses .
- of information in designing their collection and storage processes and ‘
v thereby have no convenient means of retrieving the information. )
K ', ’One major characteristic of the information base is that research : -
' o T ! . e -

<: . ‘ . . 230 . .
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' activities have not been coordinated. There are many examples of highly

. sﬁnilar studies on a given topic within a given area of research interest,

»

, but for other topics within the same. area little or no research has been
~ ‘»:‘ * N - \ - M -

accomplished.

Y

@A .
- - -

. - s ©a
Failures of the second type -~ formation of policy without using . :
! . . N ~- . ° -} . . . . - -
-~ avgilable knowledge -~ are also readily apparent in the preceding )
. \ ) .

i sections. For all areas -of practice relevant to this study, the amount
: o : . } . ;

' of- information at the.end of the twenty-year period is greater than at [
;o é\e beginning. But often the collection of information confirms what *

. * . * v .
das been known previously. Some characteristics of performance_and

N ..
S [y

. . RN
practice appear to have sighificant stability over the years. (For

-

example, recent progress assessments reveal that fractions are difficult

a9 x

for.chilaren;they were also QEificult‘in 1920. Another example is that

of teacher verbal behavior: research conducted in every decade of this

-

century reveals that the typical teacher makes two-thirds of, the utfetances <
: - ‘ il N

-

v i . . -
- in the classroom.) The formulation of policy frequently has not recognized

the apparent and verified stabilit; of practices. This may be evidence

3

of a lack of information dissemination, failure to do sufficient summative B
6 3 N . ~ ~

literature analyses,_orZsimpiy testimony of the youth of the field of
mathematics e;ucation and its reshi&ingglack of‘academic traditions: e
; The third type of failure, not recognizing the point at which the
7 values of Variouslgroups enter into policy formation, is also quite
evident.f McLaughlin (1976), in studying the .process of change, concluded A

that ‘change has.little pernanence'iggthe schopls 1f the need for a pro- : T,

-,

¢ ject or program is based on arr entgepreneurial motivation rather than a

., perception of a problem in heed of lsoluti'on( by the primary- p'ersonnel of J .

231
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<

. search.

° 2 PN o RN

. a project. . The discrepancy between thespractitioners' (teachers and

_ . . . s

-~ . principals) and mathematics educators' perceptions of the "ideal" mathe-
matics teacher described in the teacher“education. section of this report -
. e I} .

~ “1s symptomatic of%potential difficulties in pronqting change and the"

.- .o . . s >

varying perceptions of the importance of_fhe area of development and re-
Thus! a Heveiopment &t research effort will fail at the point of
*  implementation or applidation of the results if discrepancies are: t'

v

. resolved., . . . : L

The shifts in interest (and in the funding levels) in a variety of
. . .

areas, such as mathematics for the talented 'or for low achievers,sattivity
| :

learning, discovery learning\ or basic sk*lls, pzovides euidence of shift-

+

ing priorities. However, it often appears\that Lhe shifts in priori- "

ties for develonment,‘research and implementation have 1itt1e te do with

/ . e . J S

the evidence isting practices. We feel ,.that needs assessments oftea

have simply served to confirm already existing problems and issues in
-

That is, they are not anticipatory1of\deveioping

.

+ . mathematics educaeion.

problems but simply eonfirm that activity and interest in the‘area has
- '

.alieady begun. Needs assessmenty are.se}don inrgrggﬁ judg&ents\based
<3 :upon the evidence of exisEinérpraétices and are}seldom generated in such
a way that aliows professionals to indicate which of two or more problems
ﬁr=issoes is of greater_importance.
development, rese:rch, %nd teacher_edocation must be fad-like in characte:

At issue is whéther aetivities in -

~ -

as opposed to a reasoned attack on pyoblems and issues’of mathematics

eQucation in the schools. - . 4 S . o

In the introauction, poli;y making was described in terms of

operating a‘!two levels, one of which incorporates professional judgments s

" . -

. ©o223 e :

« A

N




N |
;'and is based upon information and the other that is political and reactive

- *delimited the reporting of historical events to descriptions of existing

© s P ~

to the prevailing soctetal attitude§ and values. We have purposefully
‘ 9 o . . . . o -
practices, leaving to the reader the judgment of’ the contrast of the

~ »

congribution of the two. levels to the policy formation,for mathematics

3
. A

education”

The evidence of change results only when there is'significant

agreement across the two levels that is apparent in the policy formulation

process, the political/societal ethos, and the professional 1evel internal

to education. Since teachers are elements of both sets of individuals,
. o

the publip and the professionals, they.are major barometers of change.

-

That is, if teachers sense agreement fetween the two levels of decision-

H

&aking, change takes place, . If teachers sense incongruence’*and disagree- .
ment between the levels, then they are dissatisfied and this dissatisﬁaction

" is the evidence that significant change will not take place. This dis-

-

satisfaction or satisfaction provides a measure of what the teacheg/is

‘willing to do to accomplish change. This is the critical attitudinal

;
/

variable relative to teachers' performance in the schools. /

We would argue that current' evidence indicates that teach#rs are
exhibiting)this order of dissatisfaction, and the resulting lack of
; J )
purpose that compromises significant rapidity of change, anﬁﬁthat this
- 1g reflected in current disquietude about basic skills. The nature of v
innovation and change in the schools as studied by McLauglin (1976)
suggests that the teacher 1is the key ‘and that implementation of change

-

‘must reflect curricular and programmatic needs perceivéd by the teacher

» i

and supported by commensurate teacher education activities. This tells C
[« ’




v

\ sound application of this information.

.
LY

_ but g;lf of the story, since activity directed toward promoting change ,

%

must respect the two levels ihvolved in policy formulation. Thus, needs

_ assessment endeavours must . systematically garner 1nformation not only

rélative to the schools and their performance, bﬁ; also on the prevailiné

societal ethos that is a necessary condition for teachers' acceptance
. > T . <A
(and support) of the. endeavour. . .

«

Policy formation at the federal level typically has ignored exist-
| d

ing practices in the schools except as mirrored in .the disquietude of

+

society. Often, if additional information was needed for the formul-+ion

Y

of educational policy, it was collected after—the-fact of policy decision

.

for the purpose of confirming the actions taken. The amazing, significant

'conclusion indicated by this study is that\progress has been made without

<

systematic information collection relative to existing practices. Appar-

ently, the societal/political ethos is sensitive enough to the goals, aims,

-

. and objectives of education -—'and their attainment -~ to provide sub-

stantial directdon to Ameriean education. Thus we conclude that the prob-

-

lem for professionals is a matter of efficiency in promoting change. The
implication is that not only must professionals collect appropriate kinds

of information concerning practices in the schools, they must also make

- 225




The categories included 16 this appehdix appeared relevan

APPENDIX A ‘o o

‘CATEGORIZED LISTING‘bF SELECTED RESEARCH

IN MATHEMATICS EDUCATION

° )

'3

to
existing practices,

were compiled for this table using Suydam's files.

[‘\'\

Data on journal-published articles and di‘sertatioﬂs

’

Two limitations

:

should be noted:

<o Y
.

(1) Some studies are counted in more than one category,
reflecting primary and secondary scopes cf concern.
". The categorization system (Suydam, 1974) includes
categories in addition to those included on this
table. Thus, all research in the field of mathe-
matics education is not listed in this table

(2) In some instances, a dissertation and one or, two :
aritcles reflect essentially the same research "
but have been counted separately in this table.
Thus, there is a (small) "inflationary” factor;
nevertheless, the table indicates the approximate

level of interest in research topics related to
this literature review. : °

a)
(G
)]
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i

Topic . - T
-« :;‘

_Historical developments

o
Y
k4 .

Organizaéional patterns

Teaching approaches:

“

Instructionaf procedures;
Drill and practice o>

4

-

‘Progléh‘solving

”Estimation

Mental -computation,
Specificatibn of objectives
'Attitud; and self-co;cept

&

Content organization
and_ inclusion

*

Top numeral, elementary; bottom numeral, secondary.

ERIC

IToxt Provided by ERI

~’1955‘-59~

L]

a0 *

.2

10
3
0

3
17,

TH W

ATPENDIX A

~

SELECTED RESEARCH IN- MATH

r ~

-

1960-64

12

20
3
18
28

o+

= O

18

14 -

1965-69

;]

16

30
12

44 -
56

35

11

wmN

24
28

36

EMATICS EDUCATION

1970-74 - 1975
4 . 1
4 0
40 .9
21 3
91 14

81 13 |
~ 19 4
9 1
49 9
18 15

3 0
1 0
5 0
1 1
36 5
21 0
No62 10
\ 49 5
" 50 ' 8
37 5

,Total

59

141

365 -
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Appendix & (Continued)

:Topte’ . 195559 1960-64 1965-69 1970-74  ,°1975  ° Total
"Grade placéménti o 5 2 b, :.' 5 . 0 43
SR ‘ Yoo 1 3 2 0 :

. , . . I

Time allotment 7 5 8 6 2 i
= * 0 3 3 6 1 -

i

. Content and methods:

- Number, properties. 2 _ 7 10 ¢ ©35 N 2 : 73
y(éiogs' 4 4 4 ", 4 1 . ,
Addition with ' 5 o2 W .2 10 62
’ whole numbers- 0 1 0 . 1 L2 )
_Subtraction with - 8 4 10 22 11
) whole numbers 1 0 0 0 1
‘Multiplication with 3 5 17 © 20 7
whole numbérs 0 2 1 1 1
——Division-with~~ =~ "_ 5 - 6 3 10 5
" whole numbers . 1 0 ’ 0 -1 1
- }d v
.. .Fractions . 13 22 27 T40 8
) ) o 1 0 0 8 1
Decimals 2 3 4 8 0
: 1 0 0 2 1
. Negative numbers 0 - 1 5 8 4
(integers) | 1 3 2 2 - 2
Geometry in 3 11 25 83 11
"elementary school 0 0 0 0 0o -




Y

[ . * 1955-59
| Seté N 0
' /" 0
Logic and proéf 1
Decimal system’ 2
.- ‘0
" - ‘Other numeration . 1
: systems 1
Probaﬁility,and 2
[

statistics . 2

General mathematics course’ 0

3.
Algebra course 0
) 22
) Geometry course 0
‘ 18
. Trigonometry course 0
Lt 1
Calculus couvse -0
- 0
Other courses in 0
secondary ‘'school 0

~

w N w & [\C Y}

O

-

1960-64

~

4 .
4 -

4

3

.

Appendix A (Continued)
*1965-69

4‘:
2

19
13

VoY W Ho

8
1

36
20

00O

oo O o

J

>

AN

19703é4 ' 1975

[ =

[, X -]

-

O N &

wn o o

[l =]

wo

L1

14

17—
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[l ) Al \
3 i B
" Topic 1955-59
' Materials:
Textbodks ) 15
' AU -9 )

Manipulative ‘devices .11
S S
-Audiovisual devices 3
(incivding calculators) = 2
Programmed instruction 1
; 2
Computer-aided 0
instruction 0
Readability- and 4
_vocabulary 3
Developmental projects 0
0

- Individual differences:
Error analysis 3
o 6
Diagnostic p:chdureé 1
quediatioﬂ K 1
. 4
-Slow learner, 4
low achiever 1

Appendix A (Continued)

1960-64

[e <INV, ]

21
33

N O

[oN o)

BT

iy

. 2

c o =

O W

1965-69

21
15 .

22
5

g .

8

40
58

~ W

1970-74,

;19
28

69
30

30
11,

" 38 ..

31-:

41
54
26
13

35
25

[FURS ]

v

13

39

TS N

= o

Total . P

13 -
177
&
238

122

29

46




- Topic 1955-59
| Mentally retarded - 1
o & -

,‘. ® *
< § Tutoring -1
- . 0
b S
. |  Enrichment 3
§ ' 3
- % Accelgragion 1
. ' ' -1
(A Grouping procedures 3
. l ' . 4 )
“!  Motivation _ ‘ 0
- ‘ ‘3
! .
Physical, psychological, 8
social characteristics 7
Sex differences 1
* L 2
. Socioeconomic differences 1
o 1
. Evaluating progress:
Analysis of tests 2
T . 10
&
Status testing 2
o 9
”  Achievement evaluation 35
11

© 1960~64

8
1

[l =

' Apbendix A (Continued)

1965-69

16
6

1.
2

[, I ]

17
16

26
23

10

.52 -
11

"25

. 10 .

4

12° .

3
2
49
32

17
10

S 91

36

1970-74

.

i

3

e

-

o

(XY

N~

137

176

b4

321
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:; Appendix A (Contimied) T

b opic \ 1955-59 1960-64 1965-69 1970-74 1975 Total

;:1“ i . - ' : TN N ‘

”‘Z’lTeacher education. ' VR * ’
5. f Preserﬁce compet:enqy 10 17 . 23 19 1: . 84

o levels 1 (L 3 5 . 4 I )

R r) . . N < : ! - > 7 . , i
S Preservice preparat:ion 7 11 ., 29 ‘95 .0 25 234 @
; - procedures 8 15 31 . -y & T

4 - . & « e
In-service’ competency 3 6\ 12 13 / 2 7‘“"5‘5*”*—“
levels . 3 1 10 7 1l
> i sw‘”\ gz - ’ ) .. ' &5 '
¢ Iq-éqtyice procedures 2 5 28 .29 4 » 129
“et ] 4 .11 . 15 26 5 /
. / )
T —C . )
4 — L o <
> r/T . .
- .'k‘ I‘ *
' : . .
v
241
| ‘
= ‘
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APPENDIX B

PROGRESS ASSESSMENTS IN THE STATES

H -

2 ' T . — RS 2
The information in this appendix was compiled from obtained

docuﬁepts;‘and does not purport to be totally compreheneive.ga?hat is,=*
. 4 o ,
there (in all likelilood) exist other documents on state progress assess— -

ments which we were unable to obtain. - o B

Some bibliographies are appearipg (and more will undoubtedly i be

\

published) which compile information on the state programs (elg., Porter
‘and WildEmuth, 1976). In the reference column in this appendix ERIC

. dobments are noted, since they are readily\available. ‘Other, %ocuments

- - ! . l

on progress assessments for states on which information is noted may be
. i 4

requested from those states. “

. 233 )
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RIC

IToxt Provided by ERI

k

w o

Lo . . APPENDIX B ' Ll , .
coT \ . - ‘
_gROéRES§ ASSESSMENTS IN THE STATES
) i .. frogfess Assessment s
State { < * Mandated Cbﬁducted .EVelsh n ] LRIC reference numbers N
:Aiabama - ~ ! . I
. ¢ j
Alaska’ . "A. * Y IS
Arizona _ A . 1971-72 8 35,866 P: ED 077 935 (1972) .,
L ] 1974-75 5 . o .
] i g » ] - M
Arkansas . A{ 1971-72 3,4,8,9 | 28 districts| :
o 1972-73 . 3,8 . : ]
California A T 1974-75 2-12 ED 022 767 (Kelley
. ) ) et al., 1968)
N y ED 059 910 (1972a)
) s ED 229 594 (Hoffman
and Tardif, 1976)
ED 124 592 (1975) *
Colofado A 1970 k,3,6,9. ED 050 135 (Helper,
N ~ 12 1970
Cogéggtigut A .
\
\ .
Delaware\ 1970 : 1,4,8 ED 100 057 (1975)
\ ] 1971 1,4,8 ED 104 945 (Wise
\ 1972 1,4,8 et al., 1975) =
. 1973 1,4,8 ED 118 608 (Handrick,
1 N 1974 1,4,8 1975) :
\ 1975 1,4,8 :

* Accountability legislation enacted as of June 1974.1
N = Needs assessment; 0 = Objectives; P = Progress assessment
Where no author\%f given, document is in References under name of state.

**% _ Code:
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S ‘ .. . .iopenadix B (Cortinued) e T S

. * < . ,-
8 - " . b - v
Ny ooo- . ¢ { . .
. . .

. ‘ gt 1 . . - o

' * Progress Assessment N A °
P e 1T - = —]= N P - —
State £} %I . Mandated - Conducted - " Levels n " ] ERIC referex(c'e number
- . [§ o - T n. - . ] . N
- - District of.Columbia | SR . " . IN: ED 104 902 (1972) N

o = %

. ) * " 7/ s _' A e <

. ~Florida . =~ et ThALL Wy ©1971, - * |N: ED 100 045 (1972) °

N N to o . 1972-73 -3,6,9 2,000 . ;

“ ? - 'y T ‘.-.-'r"‘" ’: - - - . = Zo’ooo

- i B4 .. . . . - e . L4 15 000 .
T AT . b 1973-74 . 120,000 “f -,

T . P . 1974-75 "l 3:6,9 over 120, 000 -

a0 ? . - . Y

S

. " Georgia A : .« ~ | 48,11 - | 240,000 . |N: Ep 107 695 (1974)
< . . » » ~|P: ED 073 121 KBarnes,
5 - 2 . ) . 1973)

"Ny ' 4 - ., - - .7 .
& 'Havaii X al - ' 1965-1970 4,8 . P: ED:074 441 (1971)  <-§
. . - 1970-71 4,6,8, . 65,000 ED 081 839. (1972) -
- 10,12 :
. Jv 1971-72 o 4 , , . - .
~ . . B :- * . } Ao . . -
dato S I IR . 9,11. s S,
. s 2 o . i
o, , . o ’ { . v . .
I1linois * JA ’ . \\ ) -
« ;b : 14 v ) ) . '\ * ’ R {
27 - Indiana A |(not mathematics)] . j
! - " -~ - - N “ . 3 N .
) s A N - ‘ -] f
Iowa . |A i 1975-16 5,8 * ED 125 894 (Morrison,
: - : a ‘ j .1976)| :
- . ' - i g .

HEY

l
)
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R B ‘ P}rﬁress Assessment
< B ‘St:ate ! * Mandated Condacted Levels n ERIC reference number
S - . ' . T - —- : )
o ‘Kansas A 1970 ‘ 3,5,8,10,12 ‘ .
N T ' ? 6,12 '
- - T ‘s \n\.
e \l\ R . ‘ . ]
* Kentucky 1973 4 3741 0: ED 081 793 (1971)
- . : ‘1 8 3389 i .
o > - 11 2702
. ] 1974 8 . 7226"-
2 - \ 1975 ' 2 3981"
. \\ 4 7067
oo , . ‘ 8 7076
N ‘ 11 6019
. A Y 4 ’
| v | ' . 3
o Louisiana \.
y w : :
°'|
‘ *
Maine '
. Maryland Al 1973-73 ‘ N S~ N
AR : " 1974-75 3,5,7,9 N,P: ED 118 635 (1975b)
. : . ~ 637 (1975a)
B SN . 638 (1976)
i\ . -
TN
Massachusetts Al "1971 ' 1974-75 ages 9,17 17,600 N: ED 109 769 (1971)
. ,
. 7
Michigan Al 1969 1970-71 . 0: ED 053 217 (1971a)
1971-72 ' » ED 059 255 (1971b)
R 1972-73 4,7 320,000 ED 059 257 (1971c)
. 1973-74 4,7 +70,000 - ED 073 139 (Donovan
- ‘ ingr. 1 et al., 1972)
o ) ED 104 897 (1973a)
- . N . 1974-75 1,4,7 : ED 104 898 (1972a)
. \ e 1975-76 1,4,7,10 ~ ' ED 104 899 (1973b)
t . | , o - ‘ 'ED 104 966 (1972b)
b ' ) ‘ . S . . 248
A’ ) ' [ . : R iy




Appeﬁdix B (Continued) - . ’ o
- . . - "/’._—//
s T . : e '
Progress Assessment o

State * Mandated Conducted Levels n ERIC reference number

ED 104 967 (1974a)
ED 111 832 (Roeber
. . : : and Huyser;, 1975)
7¢ ) : i . ED 120 216 (Donovan, .,
L { - r 1973) - . oo
- : ‘ ! ’ ' ED 120 217 (Donovan:
: ' ‘ - et al.,.1973) .
J ED 120 218 (Mehrens,
i ) ; 1975) .
. ’ ‘ N , ‘ ED 120 219 (Fisher
// ‘ ‘ : et al., 1973) -
. ED 120 220 (1974b)
ED 120 221 (1975b)
ED 120 225 (Fisher
—— L . , et al., 1974) .
' ~ + ED 120 226 (Roeber -
: . et al., 1974)
P: ED.117 173 (1975a)
ED 120 242 (1974c)

Michigan cpntinued

—te . i

A4

Minnesota 1974~75 age 9 12,000 ED-084 657 (Pyecha,
.13 17,000 1973)
17 16,000 :
‘ \ " . .
Mississippi \ - 1971-7% 5,8

. _

t Missouri 1970-71 4 8,034 )

\ : 6 8,266 P: ED 070 056 (1971a)
[ _ \ 1974 , ' ED 077 990 (1971b)

: / \\ Montana , ‘\\\ ‘ ' .
\ , .
'/ ;‘ A\\ Nebraska Al \\\\\\ 5 - ‘

)
¢mwg 249 : . . ,
[ - __.\\, . . ' - : . ) N - " <. v
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Appendix B (Continued) .

’

Progress Assessment

State * Mandated Conducted _Levels ' n ERIC reference number:
Nevada ref. 1971-72 3 N: ED 079 822 e
. 1972-73 3 2392 " (Howard and Ogg,
™ U ‘ - 4 2315 1971) :
. 1973-74 37 2429.
. 5 2376
. 7 2750
New Hampshire 19€7 N: ED 097 352 (Schweiker,
: . 1974) | - :
‘ P: ED 039 147 (Austin,’
! 1969) -
k
b New Jersey A 1972 1972-73 4,12 \ h
& ' 1976 4 96,000 P: ED 074 129 (1973)
: s 7, 10§,000 _ED 097 39€ (Gurwitz,
10 109,000 1974) - .
1978 3,6,9 -
- 11 \
New Mexico A yes 1969 . 5 \ N: ED 077 938 (Klein,
: ; 1972) ) |
ED 079 422 (1973) |
1973-74 5,8,12 . 70,000, ED 095 631 (1974)
New York . A yes: Regentg PEP-1966 on 3,€6,9 P: ED.071 162 (1972)
PEP ED 080 591 (1973)
PEP-1973 ’
North Carolina 1973 1973-74 6 N: ED 106 294 (1975)
ED 108 974 (1974)
1974-75 3 5,000
> 1975-76 "9 :
North Dakota

oo




s“ppendix B (Continued)

Progress Assessment

-

3

-

State . * Mandated Cdﬁducted Levgls n ERiC reference number
- \ .
Ohio A N: ED 096 74§ (1973)-
Oklahoma ref. S .
Orgon o oA 1976 4 . 8,000. N: ED 109 207 (Thomas,
: . 1975a) - .
SE 022 559 (1976).
Pennsylvania A > 1970 0: ED 090 252 (Keﬁdig,'
: X " 1974)
' . d -ED 093 943 (Coldiren, -
T .1974) )
P: ED 068 471 (1971)
\ )
Rhode Island A 1972 4,8
v 1973 4,8
South Carolina . & ) ‘ 4,7,9,11
-South Dakota
Tenﬁessee P
Texas A 1971 6 22,055 P: ED 079 79 (1972) -
AN . [y
_ Utah | a 1974 11975 5 . 4,000 N: ED 079 825 (Campbell
. 11 3,000 and Forsgren, 1970)




. APPe‘.HAiva (Continued)

Progress Assessment

X . \ ; v
State - Mandated Conducted Levels [/4:{. ERIC reference number
Vermont -
. ] - - L
Virginia ’
Washington . 1971 4 6,763 P: ED 086 725 (Brouillet,
- - 6 6,881 1973) T
_ West Virginia v 3,6,9,11
Wisconsin 1971 1973. 3,7 0: ED 051 lhﬁ (Henderson,
' L . ! . Co - 1971) ! : .
) I ‘ 196 ‘ ED .069 475 (Henderson, -
YA 1973) -
. . P: ED 096.320/325/328
(,19743,5,;(:)
s
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SUVPUR -

AAAS
AACTE

ACE .-

. ACT

AIR

AP Program

CBMS

~ CEEB.
. CEMREL

CSMP
CUPM
EPIE
ERIC
ESEA
ETS

GCMP
IEA
IME

IPI

CBTE

-

_Advanced Placement Program, CEEB T

GLOSSARY OF ACRONYMS R . —

American Association for the Advahcemen;\of Science
American Associatfon of Colleges of Tea;ﬁgr Education
American Council on Education

American College Testing Program

American Institutes for Research

Conference Board on the Mathematical Sciences
COIIege'gntfance Examindtion Board -

Central Midwestern Reéional_zducdcional.Laboratoryl V7
Comprehensive‘échoél Mathematics’Ptogram

&
Committee on the Undergradiate Progrdm in Mathematics

EducationafuProdupts Informatfon Exchange \
Educational Resources Information Center
Elementary ard Secondary Education Act

Educational Testing Service

&

Greater Cleveland Mathematics Project
Department of Heal<h, Education and Welfare
International Study of'EducatiAﬁaI Achievement
Investigations in Maéhem&tics Eduéation
Individually Prescribed Instruction

Jnur;é} for Research in Mathematics Educatioﬁ
Competency Baseé Teacher Education

o -

Locel Education Agency

Mathematical Associatica of America

Mathematics Methods Project, Indiana University

National! Advisory Committee on Mathematical Education

387




Qr :
NAEI_" . National Assessment of Educational Progress )
- NASDTEC ' National Association of State Directorsof T'eachet '
. - Education and Certification . '
\:\ NCATE National 'Coun;czil for Accreditation in Teacher fducetion
Vo NCES National Cent%er on Bc-iucetion Statistice |
. \ NCER N&tiom;l Couni‘cil on Ed;scational Re;earch |
\ NCTM " National Coun‘i;il of Tzachers of Mathematics . . /
o . NDEA Nati..onal Defe?ce Education Act . o
' NEA Netional Educftton Association ‘ . :
) N‘IE,V ' National Institute of Educat:ion -
. _NLSMA National Longitu;linal Study of Mayﬁemtical Abilities, SMSG
NSF hational - Science Foundation
OoMB \ Office of Management and B\:dget R ‘
! - PRD;ES Pennsylvania Retrieval of Information on Mathematics Education
— System
"'SAFA Security Areaeé Federal Assistance
T " SAT:M Scholastic Aptitude Test: Mathematics
T SEA . . . State Education Agency S '
SES Socioecenomic Status )
3 SMPY . 'Stud'y of Mathematically Precociout Youth - . 3_ '
SMSG ) Schooi Mathtmqtics Stud& Group | \
. SsMCIs Secondary School Mathematics Curficulum Improvemeﬁt\ Study
 UICSM . Uniyersity of I1linois Committee on School Mnthemat;.;éel )
USMES Unified Scit'ence and Mathematics in the Elementary Sc:o0l
USOE United States Office of Education S . ,
A
253 : |
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